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Abstract A population-based laboratory surveillance was
conducted during a six-year period to define the incidence,
demographic risk factors for acquisition, and anti-microbial
susceptibilities of Serratia species isolates. A total of 715

incident Serratia species isolates were identified for an
annual incidence of 10.8 per 100,000 residents; bacteremic
disease occurred in 0.9 per 100,000 residents annually. The
incidence increased with advancing age and males were at
the highest risk. Ninety-two percent of the isolates were
Serratia marcescens, and the majority (65%) of incident
Serratia species isolates were of community onset. Ninety-
five percent of isolates were susceptible to ciprofloxacin,
98% to gentamicin, 98% to trimethoprim/sulfamethoxazole,
and > 99% to imipenem. No yearly increase in resistance
was observed. Serratia species isolation is most commonly
of community onset and older patients and males are at
increased risk. Despite reports of increasing resistance
among Serratia species, the incidence in our region remains
at a low stable rate.

Introduction

Serratia species, most commonly Serratia marcescens, are
recognized as occasional causes of hospital-acquired infec-
tions, particularly within critical care areas [1–9]. Numer-
ous hospital outbreaks with Serratia species have been
reported, with sources related to the contamination of blood
products, parenteral infusions and injections, environmental
sources such as contaminated faucets and air conditioners,
and transmission by healthcare workers [10–17]. The
emergence of multi-drug-resistant strains has further added
to the medical importance of Serratia species [18, 19].
Although several observational studies investigating Serratia
species infections have been reported [4, 20–24], the studies
to date have typically been outbreak investigations or have
been reviews conducted in selected tertiary care referral
hospitals. As a result, the epidemiology of these infections in
a non-selected population is not well defined.
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Population-based studies, where all incident cases of a
disease occurring in a defined geographic region are
studied, minimize selection bias associated with hospital-
or clinic-based studies [25, 26]. We, therefore, conducted a
population-based laboratory surveillance for all Serratia
species isolates occurring in a large Canadian health region
to define their incidence, associated demographic risk
factors, and anti-microbial susceptibilities.

Materials and methods

Study population

The Calgary Health Region (CHR) provides all publicly
funded healthcare services to the 1.2 million residents of
the cities of Calgary and Airdrie and numerous adjacent
surrounding communities, covering an area of more than
37,000 km2. Acute care is provided principally through one
pediatric and three major adult hospitals, which have
approximately 2,000 acute care beds and 100,000 dis-
charges yearly. With the exception of a few small rural
hospitals, all standard microbiology testing from both
community and hospital sites in the CHR is performed by
Calgary Laboratory Services. All patients with Serratia
species isolates identified at hospital- and community-based
collection sites within the CHR identified by Calgary
Laboratory Services between 1st January 2000 and 31st
December 2005 were included in this study. For the
purposes of this study, patients were assumed to be CHR
residents and were included in the analysis if they were
outpatients with Alberta Personal Healthcare numbers with
specimens submitted to CHR-based collection sites or if
they were admitted to a CHR acute care facility. Since
laboratory information without personal identifiers was
studied and individual clinical records were not reviewed,
specific institutional ethics review was not sought.

Population-based surveillance

A population-based surveillance for all Serratia species
clinical isolates obtained from patients in the CHR during
the study was performed at Calgary Laboratory Services.
Hospitals, nursing homes, physicians’ offices, and commu-
nity-based outpatient collection sites were included in the
surveillance. Once Serratia species isolates were identified,
basic laboratory and demographic information was obtained
from the regional laboratory information system (PathNet
Classic version 306, Cerner, Kansas City, MO). Communi-
ty onset isolates were classified as those submitted from
community-based collection sites, nursing homes, or those
within the first two days of admission to an acute care
facility. Hospital onset isolates were those first isolated

more than two days after hospital admission. Three or more
hospital onset cases with the same Serratia species arising
from the same hospital unit within a three-month period
was deemed to represent a cluster. In order to minimize the
bias associated with repeated culturing of specimens from
the same episode of clinical disease, only one culture per
patient per species per year was included for the assessment
of incident cases.

Clinical laboratory testing

Serratia species were isolated using standard techniques;
identification and susceptibilities to anti-microbial agents
were determined using Vitek Legacy (Vitek AMS; Bio-
Mérieux Vitek Systems Inc., Hazelwood, MO) with
custom-made anti-microbial susceptibility testing cards
and were interpreted using Clinical and Laboratory Stan-
dards Institute (CLSI) criteria. At Calgary Laboratory
Services, identification is routinely performed to the species
level on all clinically relevant isolates, but, occasionally,
individual speciation and anti-microbial susceptibility test-
ing is not performed on some non-invasive isolates. In
reporting anti-microbial susceptibilities in this study, inter-
mediate susceptibility results were grouped with and
reported as resistant, and, where susceptibility testing was
not available, rates were reported using the number tested
as the denominator. Because chromosomes of Serratia
species encode inducible β-lactamases, Calgary Laboratory
Services does not report susceptibilities to penicillins and
cephalosporins. Bacteremia was defined by the isolation of
Serratia species from at least one set of blood cultures.
Polymicrobial isolates were those that had non-Serratia
species co-isolated in a single clinical specimen.

Statistical analysis

All analyses were performed using Stata version 9.0 (Stata
Corp., College Station, TX). Differences in proportions
among categorical data were assessed using Fisher’s exact
test. Medians with inter-quartile ranges (IQR) were used to
describe asymmetrically distributed continuous variables.
Incidence rates were calculated using regional demographic
data as the denominator. Category-specific risks were
calculated and reported as risk ratios (RR) with exact 95%
confidence intervals (CI).

Results

During the six years of surveillance, a total of 1,110
Serratia species were isolated from 1,109 Serratia-species-
positive clinical specimens obtained from 651 CHR
residents. Seven hundred and fifteen incident episodes of
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Serratia species isolation occurred for an overall annual
population incidence of 10.8 per 100,000. No significant
seasonal or yearly variation in incidence was observed.
Most of the incident isolates were Serratia marcescens
(659; 92%), with the remainder being Serratia liquifaciens
(27; 4%), Serratia odorifera (7; 1%), Serratia rubidaea
(6; 1%), Serratia fonticola (2), Serratia plymuthica (1), and
Serratia not speciated (13; 2%). One third (231/715; 32%)
of incident cases were polymicrobial.

The majority (466/715; 65%) of incident Serratia
species isolates were of community onset, of which, 56
(12%) of these were sent from emergency departments, 74
(16%) from inpatients within the first two days of
admission, 25 (5%) were from nursing homes, and 311
(67%) were from community outpatients. Incident hospital
onset isolates (n=249) were identified at a median of 12
(IQR; 6–25) days after admission to an acute care hospital.
The proportion of incident Serratia species infections that
were hospital onset did not significantly vary according to
the study year. The overall hospital onset rate was
approximately 0.4 per 1,000 inpatient discharges and
isolation varied significantly among the four major CHR
acute care institutions, as shown in Fig. 1. The 249 hospital
onset cases were isolated from a total of 62 different wards
in the four hospitals. Twenty-nine were from intensive care
areas, of which, 22 (76%) were from hospital A. A total of
ten clusters, all Serratia marcescens, were observed,
involving a total of 40 patients on eight different wards.
Several medical and surgical wards, an adult intensive care
unit, and a rehabilitation ward had clusters involving 3–5
patients per cluster. One single surgical ward in hospital A
had a total of 25 cases over the six-year period of the study,
with 14 of these occurring in clusters.

The median age of patients with incident Serratia
species isolates was 65.9 (IQR; 43.6–77.7) years and 410
(57%) were male. There was a significant relationship

observed between age and gender and the incidence of
Serratia species isolation, with the rates dramatically
increasing beyond 60 years of age, as shown in Fig. 2.
Although males were only at a slightly higher risk overall
as compared to females (12.4 vs. 9.2 per 100,000; RR
1.35; 95% CI; 1.16–1.57; p=0.0001), among those aged
60 and older, males were at nearly twice the risk (65.9 vs.
36.5 per 100,000; RR 1.8; 1.48–2.21; p<0.0001). While
the proportion of males and females with community
onset isolation was similar (257/410; 63% vs. 209/305;
69%, p=0.11), the median age was significantly higher for
those with hospital as compared to community onset
isolation [70.4 (IQR; 53.7–79.2) vs. 62.5 (IQR;
39.7–76.6) years; p=0.002].

Bacteremic disease occurred in 57 patients for an
incidence of 0.9 per 100,000/year; the species included
Serratia marcescens in 50 (88%), Serratia liquifaciens in 4
(7%), Serratia odorifera in 2 (4%), and one was not
speciated. Similar to that observed with the overall isolation
of Serratia species, the incidence of bacteremic disease also
significantly increased with advancing age and after the age
60 in the male gender, as shown in Fig. 3. While no
significant overall relationship existed between age and
whether bacteremic cases were of community or hospital
onset, all five bacteremic cases occurring in children
<10 years of age were of hospital onset in infants less than
one year of age.

Of the entire collection of 1,110 Serratia species isolates,
the most common specimen type was urine in 452 (41%),
respiratory in 292 (26%), wounds/soft tissue in 104 (9%),
blood in 101 (9%), eye cultures in 37 (3%), catheter tip in 23
(2%), and miscellaneous fluids in 101 (9%). A total of 420
non-Serratia-species organisms were isolated as part of
polymicrobial infections with Serratia species; the most
common were Enterococcus species in 69 (16%),
Pseudomonas aeruginosa in 60 (14%), Staphylococcus

Fig. 1 Quarterly occurrence of
hospital onset Serratia species
isolation in the four major acute
care institutions (A, B, C, and
D) in the Calgary Health
Region, Calgary, Alberta,
Canada
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aureus in 46 (11%), yeast in 32 (8%), Escherichia coli in 28
(7%), and Klebsiella species in 27 (6%).

Among incident Serratia species isolates, 638/669
(95%) were susceptible in vitro to ciprofloxacin, 660/673
(98%) to gentamicin, 660/673 (98%) to trimethoprim/
sulfamethoxazole, and 425/427 (99.5%) to imipenem. Only
7/668 (1%) were susceptible to nitrofurantoin. There was
no overall statistically significant relationship between
species and anti-microbial susceptibility observed, although
the number of Serratia species other than Serratia
marcescens were few. However, among incident isolates,
all gentamicin- and trimethoprim/sulfamethoxazole-resis-
tant isolates and 29/31 ciprofloxacin-resistant isolates were
Serratia marcescens. The two imipenem-resistant isolates
were Serratia marcescens of nosocomial onset, but these
isolates remained susceptible to gentamicin, ciprofloxacin,

and trimethoprim/sulfamethoxazole. No significant changes
in ciprofloxacin, gentamicin, trimethoprim/sulfamethoxa-
zole, or nitrofurantoin resistance occurred during the six
years of the study. No association existed between anti-
microbial resistance and whether onset was in the commu-
nity or hospital.

Discussion

This large study represents the first population-based
description of the Serratia species and provides novel
information on the distribution of bacteremic and non-
bacteremic isolates. Serratia species were isolated from
approximately 1 in 10,000 CHR residents per year and
bacteremia occurred in only 1 in 100,000 annually in this
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study. Our study confirms that clinical isolates of Serratia
species other than Serratia marcescens are rare.

Serratia species are well recognized as occasional causes
of nosocomial infections and are frequently associated with
outbreaks. They are recognized to be among the most
common causes of the contamination of blood products
[16], but outbreaks in hospitals have been associated with
contaminated water taps [10], air conditioners [11], clean-
ing solutions [27], improper aseptic technique with medi-
cations [12, 14, 15, 17], and inadequate hand and
environmental hygiene [2, 6, 13]. We observed several
clusters of cases on wards, suggesting nosocomial trans-
mission. However, as part of this study, we neither
genotyped the strains to assess relatedness nor collected
detailed epidemiologic data to assess clinical relationships
between cases. Therefore, our definition of clusters must be
recognized as crude, with a significant possibility that we
may have either under- or overcalled hospital-based
outbreak-related infections.

The recognition that Serratia species are most common-
ly of community onset is contrary to contemporary
understanding and highlights the strengths of population-
based designs in defining the epidemiology of an infectious
disease. A large number of publications investigating
Serratia species have been reports of outbreaks, many
which have involved large numbers of patients over
prolonged periods of time [2, 4, 11]. Furthermore, multi-
centered surveys have indicated that Serratia species are
among the top ten causes of nosocomial bloodstream
infection [8]. However, unlike previous studies, we includ-
ed all Serratia species isolated from patients in our region,
including from hospitals, physicians’ offices, clinics,
nursing homes, and urgent care centers, and attempted to
exclude all isolates obtained from non-residents [26]. While
we confirm that Serratia species are important among
hospitalized patients, through our population-based design,
it is evident that these organisms are more commonly
isolated from patients in the community. It should be
recognized that, however, as a result of our laboratory-
based design, we were not able to discern between
community-acquired and healthcare-associated community
onset disease in this study, and some proportion of our
community onset isolates were related to previous hospi-
talization or medical care [28].

Our observation that the elderly, and, in particular, older
males, are at the highest risk (Figs. 2 and 3) for the isolation
of Serratia species developing merits discussion. As a
proportion of all isolates, patients 60 years and older (280/
613; 46%) were more likely to have isolates from urine as
compared to younger patients (172/497; 35%). The
increased rates of Serratia species isolation in older
individuals may, therefore, be in part related to an increased
risk for urinary tract infection overall as a result of a higher

incidence of incontinence, and urinary tract obstruction and
instrumentation associated with advancing age. We did not
find any significant differences in the distribution of
isolates among elderly males and females, and the excess
risk in males remains unexplained. It is possible that males
may have been more likely to have samples submitted
overall and, therefore, to have positives identified. Indeed,
this sampling bias has been recognized to have an influence
on incidence rate calculations for cultures from non-sterile
sites, although it is much less of a concern for sterile sites,
such as for blood and cerebral spinal fluid [29]. Our
observation that the risk for Serratia species bacteremia
increases with advancing age and that older males are at the
highest risk supports the idea that the elderly, and especially
older males, are truly at risk for all Serratia species
infections.

Increasing resistance to anti-microbial agents has
been noted in study series from many countries
worldwide, with series documenting the emergence of
multi-drug-resistant strains of Serratia species including
extended spectrum β-lactamase producers of the CTX-M,
TEM, and SHV types [4, 18, 20, 21, 30]. In recent years,
the CHR has experienced dramatic increasing rates of
resistance to anti-microbials among bacteria, not limited to
extended spectrum β-lactamase producing Escherichia
coli, metallo-β-lactamase producing Pseudomonas aeru-
ginosa, and methicillin-resistant Staphylococcus aureus
[31–33]. It is, therefore, of great interest, and is unex-
plained, as to why the occurrence of resistance to
quinolones, aminoglycosides, and trimethoprim/sulfame-
thoxazole among Serratia species was low and did not
increase in our region over the six-year period of this
study. Carbapenem resistance has been reported in
Serratia species, usually due to non-metallo carbapene-
mases or efflux pumps and outer membrane permeability
changes in combination with Amp C type enzyme
hyperproduction [19, 34]. However, resistance to carba-
penems was notably rare in our study, with only two
isolates demonstrating reduced susceptibility.

In summary, we present novel data describing the
epidemiology of Serratia species isolation in a large non-
selected population. We document that, while bacteremic
disease is infrequent, the overall isolation of Serratia
species is relatively common and the risk increases with
advancing age. Although hospital onset outbreaks occur,
the majority of Serratia species are of community onset
isolation. Resistance to non-β-lactam anti-microbials is low
and is not increasing in our region.
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