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In recent years a significant increase in the incidence of Serratia marcescens infections was noted at the
Chang Gung Memorial Hospital, Taoyuan, Taiwan. A review of laboratory (1991 to 2002) and infection control
(1995 to 2002) records showed the possibility of an extended epidemic of nosocomial urinary tract infections
(UTIs) caused by S. marcescens. Therefore, in 1998 and 1999, 87 isolates were collected from patients with such
infections and examined and another 51 isolates were collected in 2001 and 2002. The patients were mostly
elderly or the infections were associated with the use of several invasive devices. S. marcescens was usually the
only pathogen found in urine cultures in our study. Neither prior infections nor disseminated infections with
the organism were observed in these patients. Resistance to most antibiotics except imipenem was noted. Two
genotyping methods, pulsed-field gel electrophoresis and infrequent-restriction-site PCR, were used to examine
the isolates. A total of 12 genotypes were identified, and 2 predominant genotypes were found in 72 (82.8%) of
the 87 isolates derived from all over the hospital. However, 63.9% of the isolates of the two genotypes were from
neurology wards. A subsequent intervention by infection control personnel reduced the infection rate greatly.
The number and proportion of the two predominant genotypes were significantly reduced among the 51 isolates
collected in 2001 and 2002. Thus, a chronic and long-lasting epidemic of nosocomial UTIs caused by S.
marcescens was identified and a successful intervention was carried out. Both a cautious review of laboratory
and infection control data and an efficient genotyping system are necessary to identify such a cryptic epidemic
and further contribute to the quality of patient care.

Serratia marcescens, a gram-negative bacillus belonging to
the family Enterobacteriaceae, was considered a nonpathogenic
saprophytic water organism until late in the 20th century. Its
pathogenicity for humans was first noted in 1913 (31); how-
ever, the prevalence of S. marcescens in human diseases had
been underestimated for years before the first known outbreak
of nosocomial S. marcescens infections in 1951 (30). Since
1960, infections with this organism have been reported with
increasing frequency (1, 7, 24).

S. marcescens is now recognized as a prominent opportunis-
tic pathogen causing significant outbreaks of nosocomial infec-
tions of various severities, such as urinary tract infections
(UTIs) (5, 15, 16, 20, 28), respiratory tract infections (28),
bacteremia (12, 16, 18, 28, 34), conjunctivitis (11), endocarditis
(6), meningitis (34), and wound infections (18, 28). In recent
years, outbreaks associated with extended-spectrum �-lacta-
mase-producing (9, 17) or imipenem-resistant (26) S. marc-
escens strains have emerged as an important infection control
problem.

Efficient typing methods that differentiate between strains
are essential in epidemiological investigations. Genotyping
methods, such as pulsed-field gel electrophoresis (PFGE),
which analyzes the whole genomic DNA, are considered the
most reliable systems for the fingerprinting of S. marcescens (9,
12, 18, 20). However, the expertise and specialized equipment
required to perform PFGE seem to limit its popularity. A
PCR-based typing method, infrequent-restriction-site PCR
(IRS-PCR) (10), has the advantage of having few technical
difficulties and requires no previous genetic knowledge of the
target organism. The procedure has been used to fingerprint a
number of bacterial species and produces results comparable
to those obtained by PFGE (21–23). Thus, IRS-PCR has the
potential to be used as an efficient tool in epidemiological
investigations.

The incidence of S. marcescens infections at the Chang Gung
Memorial Hospital (CGMH), Taoyuan, Taiwan, had been in-
creasing significantly in the past few years. Therefore, records
from the Clinical Microbiology Laboratory and infection con-
trol were retrospectively reviewed, and a prospective molecular
epidemiological survey by the two genotyping methods, PFGE
and IRS-PCR, was undertaken.

MATERIALS AND METHODS
Setting. CGMH is a 4,000-bed university-affiliated medical center located in

northern Taiwan. To serve patients with different clinical needs, the hospital
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consists of 13 departments, including the Neurology Department. A total of 407
beds are distributed among the seven general wards and three intensive care
units in the Neurology Department.

Laboratory-based surveillance. Records of clinical isolates have been contin-
uously monitored in the Clinical Microbiology Laboratory, Department of Clin-
ical Pathology, of CGMH since 1991. Each year, data on the number of isolates
and their antimicrobial susceptibility patterns are provided to physicians in the
hospital as a reference for antimicrobial therapy.

All clinical isolates of S. marcescens were cultured and identified by standard
methods (2). No major changes in methods for the identification of S. marcescens
were made during the study period. Antimicrobial susceptibility was tested by a
standard disk diffusion method (13) for nonblood isolates and by the broth
microdilution method (14) for blood isolates. The antimicrobial agents used were
amikacin (30 �g), ampicillin (10 �g), cefamandole (30 �g), cephalothin (30 �g),
cefotaxime (30 �g), ceftazidime (30 �g), ceftizoxime (30 �g), ceftriaxone (30
�g), cefuroxime (30 �g), chloramphenicol (30 �g), ciprofloxacin (5 �g), genta-
micin (10 �g), imipenem (10 �g), nalidixic acid (30 �g), nitrofurantoin (300 �g),
piperacillin (100 �g), sulfamethoxazole-trimethoprim (SXT) (1.25/23.75 �g),
tetracycline (30 �g), and ticarcillin (75 �g). Nalidixic acid and nitrofurantoin
were included only when urinary isolates were tested. Cefixime, ciprofloxacin,
and ceftizoxime were not available until 1994, 1996, and 1997, respectively.
Susceptible and resistant isolates were defined according to the criteria suggested
by the National Committee for Clinical Laboratory Standards (13, 14). Isolates
in the intermediate category were deemed resistant in this study.

Nosocomial infection surveillance and environmental culture. Active hospital-
wide surveillance for nosocomial infections has been ongoing since 1976 (8).
Beginning in 1995, a case of nosocomial infection was defined according to the
updated criteria of the Centers for Disease Control and Prevention (3). A
nosocomial UTI was defined as the acquisition of a UTI 72 h after hospitalization
with clinical symptoms, such as fever, dysuria, or suprapubic tenderness, and
positive laboratory findings (including positive findings by bacterial culture,
Gram stain smear, or the leukocyte esterase test or the detection of pyuria). The
medical records of patients regarded as having nosocomial infections were re-
viewed, and data on the patients’ demographic characteristics, underlying dis-
eases, antimicrobial agents received, and invasive procedures received were
extracted. When appropriate, environmental surveillance was performed, and
specimens, such as swabs of solid surfaces, were subjected to bacterial culture as
described above.

Microbiological examination. The study was performed in two stages. Stage I
was conducted between April 1998 and March 1999. A total of 203 nonrepetitive
clinical isolates of S. marcescens were collected from urinary specimens, and 87
(42.9%) of them were subsequently identified as nosocomial and were submitted
for genotype analysis. Stage II, which was performed as described above for stage
I, was conducted between April 2001 and March 2002, and 51 nosocomial
isolates of S. marcescens were obtained from 100 urinary specimens and were
also submitted for genotyping analysis.

PFGE of genomic DNA digested with XbaI and IRS-PCR were used to
fingerprint the isolates by previously described procedures (22), with the only
modification being that in the IRS-PCR the overnight broth culture was washed
once and heated at 94°C for 30 min to inactivate the DNase. The criteria
suggested by Tenover et al. (25) were used to interpret the fragment patterns
obtained by PFGE. For IRS-PCR, banding patterns with more than four band

differences were arbitrarily categorized as different genotypes, according to our
previous experience (21–23).

Statistical analysis. The chi-square test and Student’s two-tailed t test were
used for statistical analysis. A difference was considered statistically significant
when the P value by the two-tailed t test was less than 0.05. All statistical analyses
were performed with the SPSS statistical software package for Windows. Results
were expressed as means � standard deviations unless stated otherwise.

RESULTS

Increasing number of S. marcescens infections. In the 12
years between 1991 and 2002, a total of 14,172 S. marcescens
infections, including 4,972 UTIs, were identified. Laboratory
records for clinical isolates were retrospectively studied, and so
these may have included multiple isolates from the same pa-
tient. As the policy for the requisition of bacterial cultures has
remained the same over this period, any change in the number
of isolates was considered related to the frequency of infec-
tions. As shown in Fig. 1, the annual number of S. marcescens
isolates increased steadily, from 749 in 1991 to 991 in 1995,
followed by a rapid increase to 1,450 in 1996. The number then
leveled off at about 1,400 between 1996 and 2002, with a
maximum of 1,571 in 1999. Compared to the total number of
bacteria isolated in the CGMH laboratory (173,715 from 1991
to 1995, 257,037 from 1996 to 2000, and 132,544 in 2001 and
2002), the proportion of S. marcescens organisms identified
increased significantly, from 2.36% before 1995 to 2.81% from
1996 to 2000, and then decreased to 2.15% in 2001 and 2002
(Fig. 1) (average, 2.52%; maximum, 2.97% in 1999 [P � 0.05]).
The number of urinary isolates of S. marcescens also increased,
from 159 in 1991 to 299 in 1995, followed by a sudden upsurge
to 688 in 1996, and then gradually decreased to 134 in 2002
(Fig. 1). A similar trend in the proportion of S. marcescens
isolates from urinary origins compared to the total number of
bacteria was also observed (Fig. 1). Among the S. marcescens
population, the proportion of urinary isolates also increased
significantly from 1996 (33.48% from 1991 to 1995 versus
42.05% from 1996 to 2000 [P � 0.05]) and decreased drasti-
cally and continuously to 28.21% in 2001 and 10.06% in 2002
(Fig. 1).

The most conspicuous change was noted in the rate of S.
marcescens nosocomial infections per 1,000 patient-days after
1995 (Fig. 2): from 0.098‰ in 1995 to 0.217‰ from 1996 to
2000 (P � 0.001) and then gradually down to 0.205‰ in 2001

FIG. 1. Trend in the annual number of S. marcescens isolates from all specimens (open bars) or urine cultures (gray bars) and the respective
percentage compared with the total bacterial isolate number in CGMH from 1991 to 2002. Œ, proportion of S. marcescens isolates among the total
number; �, proportion of urinary S. marcescens isolates among the total number.
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and 0.133‰ in 2002 (Fig. 2). Furthermore, a similar trend was
observed in nosocomial S. marcescens UTIs (Fig. 2): an in-
crease from 0.058‰ in 1995 to 0.138‰ from 1996 to 2000 (P
� 0.001) and then to 0.100‰ in 2001 and 0.049‰ in 2002 (P
� 0.001) (Fig. 2).

Antimicrobial resistance of isolates. Nearly 100% resistance
to ampicillin, cefamandole, cefuroxime, cephalothin, chloram-
phenicol, nitrofurantoin, and tetracycline was shown for recent
isolates. Rates of resistance to amikacin, gentamicin, nalidixic
acid, piperacillin, SXT, and ticarcillin have remained relatively
steady at 50 to 70% during the past decade. Among the ex-
tended-spectrum cephalosporins and other newer drugs, the
rates of resistance only to ceftazidime, ceftizoxime, and cipro-
floxacin were lower than 50%. Imipenem, to which only less
than 1% of the population was resistant, remained the most
effective antimicrobial agent. The nosocomial population gen-
erally showed higher rates of resistance to all of these antibi-
otics than the nonnosocomial population.

Clinical characteristics of patients with nosocomial UTIs.
Since there was a burst of S. marcescens infections, including
UTIs, beginning in about 1996 and the levels stayed high (Fig.
1), particularly those of nosocomial infections (Fig. 2), it was
important to determine the source of the infection. During
stage I of the study, between April 1998 and March 1999, 87
patients were identified as having S. marcescens nosocomial
UTIs. The clinical characteristics of these patients were exam-
ined, and some salient findings are described below. For com-
parison, the patients were divided into two groups: neurology
patients and others (Table 1).

The ratio of males to females was about 5:3, and the ages
ranged from 2 to 86 years (average, 58.8 � 19.9 years), with
three of the patients being younger than 6 years of age and
seven of the patients being older than 80 years of age. Forty-
seven (54.0%) patients were 60 to 79 years of age. At admis-
sion, most of the patients had brain dysfunction or head injury
(37.9%) or infection with various pathogens at sites other than
the urinary tract (20.7%). Other underlying diseases, such as
malignancy (17.2%), cardiovascular diseases (13.8%), and di-
abetes mellitus (9.2%), were also frequently found. Significant
differences were observed between the patients in neurology
wards and the patients in other wards, in that brain dysfunction

or head injury was the most frequent finding in the neurology
group (57.1%; P � 0.0001), while infections at other sites
(36.8%; P � 0.005) and malignancy (26.3%; P � 0.05) were
more prevalent in the patients in other wards. Nosocomial
UTIs occurred a mean of 21.4 � 21.2 days (range, 4 to 138
days) posthospitalization. All patients had received implants
with two to eight different invasive devices, including intrave-
nous catheters (85.1%) and nasogastric tubes (79.3%).

At the onset of the UTIs, 66 (75.9%) patients had had
indwelling urinary catheters for a mean of 13.3 � 10.5 days
(range, 1 to 56 days). Fifteen (17%) of the remaining 21 pa-
tients had infections occurring in a mean 5.3 � 4.1 days (range,
1 to 14 days) after the removal of the urinary catheters. There-
fore, urinary catheters were the most common invasive device
used in these patients (93.1%). Six (6.9%) patients never re-
ceived a urinary catheter. When a UTI was diagnosed, 84
(96.6%) patients were treated with antimicrobial agents, and
the urinary catheter was removed from 24 (36.4%) of the
patients. For the remaining three patients who did not receive
antimicrobial treatment, the urinary catheter was not with-
drawn but was simply replaced with a new catheter.

S. marcescens was usually the only predominant pathogen
isolated from the urine cultures. Other pathogens were con-
comitantly isolated from only five (5.7%) patients: Acineto-
bacter baumannii (n � 2), Candida albicans (n � 1), Entero-
coccus faecalis (n � 1), and Pseudomonas aeruginosa (n � 1).
Neither prior S. marcescens infections at other sites nor S.
marcescens infections that disseminated to other sites were
observed in these patients.

The S. marcescens isolates causing nosocomial UTIs exhib-
ited higher levels of resistance than the other S. marcescens
isolates to ampicillin (100%), cephalothin (100%), cefuroxime
(100%), gentamicin (98.9%), piperacillin (97.7%), nitrofuran-
toin (97.7%), SXT (96.6%), amikacin (94.3%), nalidixic acid
(88.5%), ceftizoxime (72.4%), and ciprofloxacin (57.5%).
None of the isolates, however, was resistant to imipenem. The
organisms isolated from 42 (48.3%) patients were resistant to
all of the antibiotics mentioned above except imipenem.

Environmental surveillance of neurology wards. To eluci-
date whether there was a clustering of S. marcescens nosoco-
mial infections in any particular ward, the frequency of such
infections in each ward was determined. The survey generally
focused on UTIs, since it was becoming apparent during the
investigation that the proportion of S. marcescens UTIs was
quite high (�60%) and that the trend in the annual number of
S. marcescens UTI cases was similar to the total number of
cases of S. marcescens nosocomial infections (Fig. 2). The
proportion of S. marcescens isolates causing UTIs was signifi-
cantly higher in the neurology wards than in the other wards in
1998 (102 of 433 versus 78 of 504, respectively [P � 0.002]).

The environment in the neurology wards was then checked
for factors that might have predisposed patients to S. marc-
escens UTIs. Serious problems were found in the procedures
for the handling of urine bottles. The urine was collected in a
urine bag attached to the catheter. At a designated time, the
urine was drained from the urine bag into the urine bottle for
measurement of the urine volume and other tests. During the
procedure, although gloves were used, they were left at the
bedside and were reused for the same procedure the next time.
The same medical assistant collected the urine bottles from

FIG. 2. Trend in the annual number of nosocomial S. marcescens
isolates from all sources (open bars) or urinary tract infection (gray
bars) and the respective rates of infection per 1,000 patient-days in
CGMH from 1995 to 2002. Œ, total S. marcescens infection rate; �,
urinary S. marcescens infection rate.
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different patients in the same ward, and the urine was poured
off once per day. The urine bottles were then reused after only
a rough rinse with tap water, the thinking being that the bottles
did not directly contact the patient, the catheter, or the urine
bag. Infection control personnel, however, detected S. marc-
escens on the bottles. Surveillance cultures were performed
continuously for several weeks, and S. marcescens isolates of
the same genotypes were obtained from the urine bottles as
well as from the urine of new patients residing in the same
beds, suggesting that the S. marcescens strains were being
transmitted to the next patient who used the contaminated
urine bottles (data not shown).

Infection control personnel therefore recommended the fol-
lowing new measures. Two new bottles were prepared and
used alternately for each new patient. Before each bottle was

reused, it was washed thoroughly, treated with 0.6% sodium
hypochlorite, and air dried at least overnight. After measure-
ment of the urine volume, the nurse caring for the patient
poured off the urine directly from the urine bottle. A new pair
of gloves was used each time that urine was drained from the
bag. Contact of the bag with the bottle was absolutely prohib-
ited. The new intervention measures were initiated in late
1999, but it took quite a long time to completely convince the
medical personnel in the wards of the need for the new mea-
sures and to implement the new measures. The effect was
significant, as seen in Fig. 2: the rate of S. marcescens nosoco-
mial infections per 1,000 patient-days dropped dramatically
(66%), from 0.146‰ in 2000 to 0.049‰ in 2002 (P � 0.001).

Molecular fingerprinting. At the beginning of the present
investigation, to elucidate whether the significant increase in

TABLE 1. Clinical characteristics of the 87 patients with nosocomial UTIs caused by S. marcescens studied in stage I of the study

Factors
Mean � SD (range) or no. (%) of patients P

valuea Odds ratio (95% CIb)
All patients (n � 87) Neurology wards (n � 49) Other wards (n � 38)

Sex
Male 54 (62.1) 33 (67.3) 21 (55.3) NS 1.67 (0.64–4.40)
Female 33 (37.9) 16 (32.7) 17 (44.7)

Age (yr) 58.8 � 19.9 (2–86) 58.1 � 20.6 (6–86) 59.8 � 19.2 (2–86) NS

Duration (days) of hospital admission at
onset of UTI

21.4 � 21.2 (4–138) 18.7 � 20.8 (4–138) 24.8 � 21.6 (6–105) NS

Diagnosis of admission
Brain dysfunction or head injury 33 (37.9) 28 (57.1) 5 (13.2) �0.0001
Infections at other sites 18 (20.7) 4 (8.2) 14 (36.8) �0.005
Malignancy 15 (17.2) 5 (10.2) 10 (26.3) �0.05
Cardiovascular disease 12 (13.8) 8 (16.3) 4 (10.5) NS 1.66 (0.40–7.26)
Diabetes mellitus 8 (9.2) 5 (10.2) 3 (7.9) NS 1.33 (0.25–7.61)

Invasive devices at onset of UTIs
Intravenous catheter 74 (85.1) 44 (89.8) 30 (78.9) NS 2.35 (0.61–9.29)
Nasogastric tube 69 (79.3) 39 (79.6) 30 (78.9) NS 1.04 (0.32–3.32)
Urinary catheter 66 (75.9) 38 (77.6) 28 (73.7) NS 1.23 (0.41–3.69)
Tracheotomy 37 (42.5) 27 (55.1) 10 (26.3) �0.01
Central venous pressure tip 34 (39.1) 17 (34.7) 17 (44.7) NS 0.66 (0.25–1.71)
Mechanical ventilation 32 (36.8) 24 (49.0) 8 (21.1) �0.01
Surgical drains 11 (12.6) 8 (16.3) 3 (7.9) NS 2.28 (0.49–11.84)
Total parenteral nutrition infusion 6 (6.9) 0 (0) 6 (15.8) �0.01

Duration (days) of urinary catheter before
onset of UTIs

13.3 � 10.5 (1–56) 13.3 � 9.5 (4–55) 13.3 � 11.9 (1–56) NS

Management after onset of UTIs
Withdrawal of urinary catheters 24 (36.4) 16 (42.1) 8 (28.6) NS 1.82 (0.57–5.89)
Antimicrobial treatment 84 (96.6) 46 (93.9) 38 (100) NS 0.00 (0.00–2.90)

Symptoms and signs at onset of UTIs
Fever 58 (66.7) 32 (65.3) 26 (68.4) NS 0.87 (0.32–2.35)
Pyuria 7 (8.0) 5 (10.2) 2 (5.3) NS 2.05 (0.32–16.30)
Other complaints 2 (2.3) 0 (0) 2 (5.3) NS 0.00 (0.00–3.17)
Asymptomatic 20 (23.0) 12 (24.5) 8 (21.1) NS 1.22 (0.40–3.79)

Antimicrobial resistance of the isolates,
multiresistant to all antibiotics tested
except imipenem

42 (48.3) 26 (53.1) 16 (42.1) NS 1.55 (0.61–4.00)

Imipenem � ciprofloxacin 10 (11.5) 4 (8.2) 6 (15.8) NS 0.47 (0.10–2.12)
Imipenem � ceftizoxime 3 (3.4) 1 (2.0) 2 (5.3) NS 0.38 (0.01–5.59)
Imipenem � ciprofloxacin � ceftizoxime 14 (16.1) 10 (20.4) 4 (10.5) NS 2.18 (0.56–9.18)

a The �2 test and two-tailed Student’s t test were used for statistical analysis of the difference between blood and urinary isolates. NS, not statistically significant (P
	 0.05).

b CI, confidence interval.
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the number of S. marcescens isolates was due to the transmis-
sion of an epidemic strain(s) among the neurology patients, the
genotypes of the 87 isolates obtained between April 1998 and
March 1999 (stage I) were determined by PFGE and IRS-
PCR. Again, at the end of the study, to confirm that the
epidemic was under control, another 51 isolates obtained be-
tween April 2001 and March 2002 (stage II) were also geno-
typed by IRS-PCR.

A total of 12 genotypes were found among the 87 isolates
recovered during stage I (Table 2), including two dominant
genotypes, genotypes 1 (40 isolates, 46.0%) and 2 (32 isolates,
36.8%), among the isolates from 6 intensive care units and 24
general wards. The other 10 genotypes were found among the
remaining 15 (17.2%) isolates derived from 4 intensive care
units and 11 general wards. Table 2 shows the differences in the
distributions of the various genotypes in the neurology wards
compared with those in the other wards. Concordant results
were obtained by IRS-PCR and PFGE, except that by PFGE
two isolates that had the genotype 1 pattern by IRS-PCR had
genotypes different from those of the other genotype 1 isolates
(data not shown).

In stage II, many new genotypes that were different from
those obtained in stage I were identified by IRS-PCR of the 51
isolates (Table 2). However, genotypes 1 (8 isolates; 15.7%) and
2 (16 isolates; 31.4%) remained the most prevalent, although a
substantial decrease in the numbers of isolates, particularly in
the neurology wards, compared to the numbers in stage I was
noted (Table 2). It was also noted that isolates with different
genotypes could exhibit the same antibiogram, while isolates
with the same genotype could have different resistance patterns.

DISCUSSION

Retrospective review of laboratory records and recent sur-
veys revealed that since 1991 the total number of S. marcescens
isolates as well as the total numbers of S. marcescens isolates
and S. marcescens UTI isolates as a proportion of the total

number of bacteria detected in CGMH showed a gradual but
steady increase (Fig. 1). In recent years, however, a surge in
nosocomial S. marcescens infections as well as S. marcescens
UTIs was noted (Fig. 2). The increase was statistically signifi-
cant and therefore could be regarded as an epidemic (29). The
epidemic, particularly that of nosocomial S. marcescens UTIs,
had not been noted earlier, despite the implementation since
1976 of active hospital-wide surveillance of nosocomial infec-
tions in this hospital. This finding underlines the importance of
regular analysis and review of the data accumulated in a clin-
ical microbiology laboratory, in addition to the routine isola-
tion and identification of microorganisms, for the identification
of potential outbreaks of nosocomial infections.

The rates of nosocomial S. marcescens UTIs were particu-
larly high in the neurology wards compared to the rates in the
other wards (Table 2). Molecular typing indicated that two
genotypes were dominant among the S. marcescens isolates
collected from patients with nosocomial UTIs, with only three
isolates collected from the neurology wards showing molecular
fingerprints (genotypes 3 and 4) other than genotypes 1 and 2
(Table 2). In contrast, among the isolates collected from non-
neurology wards, although genotypes 1 and 2 were still the
most prevalent (26 of 38 isolates), 9 different genotypes were
found among the other 12 isolates. The results indicate that
genotypes 1 and 2 might have been responsible for an extended
epidemic of nosocomial UTIs, particularly in the neurology
wards.

Various reservoirs, such as contaminated antiseptics (28),
indwelling urinary catheters (5), urinals (20), and urine-mea-
suring containers and urinometers (19), have been associated
with outbreaks of S. marcescens UTIs. Indwelling urinary cath-
eters were frequently used in our neurology wards (Table 1).
The urine was collected in a measuring bottle, which was re-
used without proper disinfection. This procedure apparently
predisposed patients to nosocomial UTIs, as seen by the sig-
nificant decline in the rate of nosocomial UTIs, from 3.71% in
1999 to 0.92% in 2002, following the implementation of inter-
vention measures in late 1999. Consistent with this decline was
the fact that the number of isolates of the two dominant ge-
notypes in neurology wards in 1998 to 1999 was reduced sig-
nificantly in 2001 and 2002, and concurrently, the numbers of
isolates of other genotypes that had not been seen before
increased, although the overall rate of infection decreased
(Table 2). This observation implies that the major source of the
epidemic strains may have been the neurology wards, with
subsequent transmission to the whole hospital. Further inves-
tigation is required to elucidate whether similar problems were
present in other, nonneurology wards. Furthermore, for early
detection of the recurrence, if any, of such an extended epi-
demic in the future, urinary isolates of S. marcescens are still
collected continuously in the hospital’s microbiology labora-
tory. When there is any suspicion of an increase in the rate of
nosocomial infections associated with this organism, the iso-
lates can be promptly genotyped to clarify whether there is an
outbreak.

S. marcescens characteristically causes low-level but long-
lasting outbreaks of cross infections (4, 9, 15, 19). In the
present study, although epidemic strains were finally identified,
the development of the epidemic was so chronic that infection
control personnel were barely aware of its existence. It was not

TABLE 2. Number of S. marcescens isolates with the respective
genotypes obtained from patients with nosocomial UTIs in stages I

and II

Genotypea

No. of S. marcescens isolates

Stage I Stage II

Total
(n � 87)

Neurology
wards

(n � 49)

Other
wards

(n � 38)

Total
(n � 51)

Neurology
wards

(n � 11)

Other
wards

(n � 40)

1 40 26 14 8 0 8
2 32 20 12 16 5 11
3 6 2 4 0 0 0
4 1 1 0 0 0 0
5–11 7b 0 7b 0 0 0
12 1 0 1 1 1 0
13 0 0 0 1 1 0
14 0 0 0 1 1 0
15 0 0 0 6 1 5
16 0 0 0 2 1 1
17 0 0 0 2 1 1
18 0 0 0 4 0 4
19 0 0 0 2 0 2
20–27 0 0 0 8b 0 8b

a Genotypes were obtained by IRS-PCR.
b One isolate of each genotype.
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recognized until the number of nosocomial isolates affected
the incidence of S. marcescens infections in the whole hospital
and the epidemic-causing strains were identified by molecular
typing methods. Similar examples can be found in previous
reports describing prolonged outbreaks that lasted for more
than 1 year (4, 5, 9, 15, 19). This suggests that no increase in the
incidence of nosocomial infections associated with S. marc-
escens should be ignored.

Another characteristic of S. marcescens outbreaks is that
they usually involve more than one epidemic strain (4, 9, 12, 15,
27). In the present study, two strains prevalent within the
whole hospital were clearly demonstrated by the two molecular
typing methods. Genotyping is also very important when epi-
demic strains are resistant to many antimicrobial agents. Al-
though antibiotic susceptibility patterns are simple to deter-
mine and are frequently used by infection control personnel,
they may not accurately predict the molecular relationships
among the isolates (12, 27). Genetically distinct pathogens may
share similar antibiograms, and conversely, different antimi-
crobial resistance patterns can be acquired from genetically
related bacteria during the course of an outbreak (32). Both
situations existed in the present study. This may also partly
explain why the epidemic was not identified for quite some
time.

Thus, as shown above, genotyping is particularly useful in
the analysis of an outbreak. The data help to focus efforts
either on the detection of a single source or on general im-
provement of infection control measures when multiple strains
are identified. PFGE is regarded as the most accurate method,
although some limitations do exist. The 87 strains obtained
during 1998 and 1999 were tested by PFGE and IRS-PCR, and
the latter yielded a result comparable to that obtained by
PFGE. According to our experience, IRS-PCR is much simpler
and less time-consuming and therefore was used to type the
isolates collected in 2001 and 2002. IRS-PCR has been used
with small numbers of S. marcescens isolates (33). However,
our use of the technique, as described here, is the first large-
scale application of IRS-PCR with a substantial number of S.
marcescens isolates.

Reports have indicated several risk factors for S. marcescens
infections (27). In the present study, the use of intravenous
catheters, nasogastric tubes, indwelling urinary catheters, and
urine bottles appeared to be closely related to the development
of the S. marcescens UTIs (Table 1). Indwelling devices disrupt
integumental integrity or connect normally sterile body sites to
the environment. Intensive contact during the manual handling
of these devices further increased the risk of nosocomial in-
fections. It may not be avoidable for patients who rely on such
procedures for survival. However, a more stringent infection
control policy that is executed strenuously should be helpful in
reducing such risks.

In conclusion, a hidden extended epidemic of nosocomial
UTIs associated with S. marcescens was identified. Genotyping
provided firm evidence that two genetically different strains of
S. marcescens were responsible for the prolonged epidemic.
Both laboratory and infection control personnel should mon-
itor the incidence of infections with care. When a slight but
steady increase in the number of pathogens possessing char-
acteristics similar to those of the S. marcescens isolates de-

scribed here is noted, further molecular typing analysis, such as
by IRS-PCR, is warranted to identify the potential epidemic.
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