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Abstract

One hundred and fifty samples were collected from urine and blood, with a male to female ratio
1.45:1, culture positivity seen in the urinary tract infection was the most frequent (77%), followed
by blood infection (18%). A total of 86 (57.33%) bacterial isolates were obtained. The study
focused on 9 clinical isolates of Serratia marcescens (15.2%), differentiated into Prodigiosin
producer (11.6%) and non- Prodigiosin producer (3.6%). Almost all isolates (6/9) showed visible
growth at 37°C. All S. marcescens strains of different sources were hemolytic, whereas the
formation of a pellicle was noticed among 7 isolates (77.77%) from 9 isolates. The biofilm
formation performed was assessed through the crystal violet assay noticed that out of the 9 S.
marcescens isolates 5 (55.5%) were non-adherent, 4 (44.4%) were weakly adherent, No isolate
showed strongly adherent. The tube method for assay biofilm formation showed good correlation
with the Tissue culture plate (TCP) method assay for biofilm forming isolates and total 2 (22.2%)
isolate were picked up as strong and 5 (55.5%) were moderat biofilm producers. The tube test
correlates well with the TCP test for biofilm producing isolates but it was difficult to discriminate
between weak and biofilm negative isolates due to the variability in observed results by different
observers. All 9 isolates were sensitive to the IPM and AZM (100%). The biofilm MICs were found
to be much higher than the planktonic MICs. The medium with antibiotic used not inhibited the
prodigiosin production at the MIC for planktonic cells. Therefore prodigiosin production in media
with antibiotics used not marker of the growth and activity of bacterial cells. Biofilms are
considerably less susceptible to antibiotics than their planktonic counterparts; biofilm production
may vary largely among different strains of the same species isolated from different sites.
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Introduction combined resistance to expanded-spectrum [3-
Serratia marcescens is a Gram-negative, lactams, Aminoglycosides, Fluoroquinolones,
enteric bacterium that is able to inhabit a wide and/or co-trimoxazole have been identified in
variety of ecological niches and cause disease numerous hospitals worldwide [7]. Liu et al.
in plant, vertebrate and invertebrate hosts [1]. [8] referred that S. marcescens often develops
It is an opportunistic human pathogen multidrug resistance and tends to spread
and is responsible for an increasing number of rapidly in the nosocomial environment, and
serious nosocomial infections, a problem has been implicated in outbreaks of
exacerbated by the resistance of many strains nosocomial infection both in neonates and
to multiple antibiotics [2;3]. S. marcescens adults.
is a well-known cause of hospital-acquired Serratia marcescens strains produce a
infections, including nosocomial pneumonia, range of secreted products, including
wound infections, urinary tract infections, proteases, nuclease, lipase, chitinases and
and septicemia [4]. Many S. marcescens haemolysin, many of which are likely to
strains are multiply resistant to antibiotics; represent virulence factors in human infection
some of the strains causing nosocomial [3]. These bacteria grow well on standard
infections are capable of a producing media and produce a red to dark pink pigment
plasmid-mediated B-lactamases against a wide that aids in identification [9]. Some strains of
spectrum cephalosporin's [5]. Treatment of S. marcescens are capable of producing a
these infections is often very difficult, which pigment called prodigiosin, which ranges in
to a big extent is due to the widespread natural color from dark red to pale pink, depending
and acquired resistance of the organism to on the age of the colonies [10]. It is
antimicrobials [6]. S. marcescens strains with a non-diffusible red pigment attached
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to the inner membrane, it is a secondary
metabolite formed by the condensation of 2-
methyl-3-amylpyrrol and  4-methoxy-2,2-
bipyrrole-5-carboxyaldehyde, leading to a
tripyrrol  derivative,  2-methyl-3-amyl-6-
methoxyprodigiosene [11].

The abilities of S. marcescens to cause
nosocomial infections and survive in the
environment are attributed to its ability to form
biofilms, its broad metabolic capacity, and its
high natural resistance to antimicrobials and
cleaning agents [12].0ne common survival
strategy employed by bacteria pathogens is to
form a biofilm, an amorphous and dynamic
structure that is not only resistant to
antibiotics, but also resistant to host immune
clearance [13].

Adhesion, which is the first step of biofilm
formation, is directly related to the presence
of short, thin, hair like projections
called fimbriae, also known as “filamentous
hemagglutinins [14].

Therefore, the present study was
undertaken on clinical isolates of S.
marcescens to determine the frequency of
biofilm formation by different methods in
different surface and correlate biofilm
formation with development of multiple
antibiotic  resistance and  prodigiocin
production.

Materials and Methods
Sample collection:

One hundred fifty samples were collected
from patients (male and female) from welfare
pediatric hospital and Baghdad hospital, at the
period from Oct. 2009 to Aug. 2010. The
samples comprised isolates from 50 bloods
and 100 urine sample.

Isolation and Identification:

Samples were cultured on blood agar,
MacConkey agar and Nutrient agar and
incubated overnight at 37°C. Bacterial isolates
were identified by wusing morphological,
cultural and  biochemical tests. The
identifications were confirmed by the APl 20E
test system (Bio- Merieux).

Pigmentation tests:

All S, marcescens were grown in
liquid medium as describe in [15] containing
1.0% glycerol, 0.5% ammonium citrate,
0.05% magnesium sulfate, 1.0% potassium
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phosphate, 0.5% sodium chloride, 0.005%
ferric ammonium citrate, 0.1% yeast extract
and 0.2% peptone. The tubes were incubated
at 27°C without shaking and observed for up to
7 days for pigment formation.

Pellical formation test:

This test was done according to [16]. All
isolates inoculated on BHIB sterile glass tube,
incubated at 37°C for 24 hrs. The positive
result defined by pellical formation on top of
culture .

Haemolysis activity:

Blood agar, for detecting secreted
haemolytic activity, was prepared by adding
5% washed erythrocytes to LBA, the
erythrocytes were washed in cold phosphate-
buffered saline [17].

Antibiotic susceptibility:

The antibiotic resistance patterns of the
isolates were determined by inoculating
on Oxoid-Mueller-Hinton agar plates, using
the disc diffusion method. The inocula were
prepared directly from an overnight agar plate
adjusted to 0.5 McFarland standards. The
zones of inhibition were measured and
interpreted according to NCCLS (NCCLS,
2000) after incubation at 37°C for 24 h.
Serratia strains that showed resistance to three
or more antibiotics were taken to be multi-
antibiotic resistant [18].

Biofilm assay:
Tissue culture plate method (TCP):
Overnight cultures of the strains to be
tested were diluted to an OD600 of 0.2 in LB,
200 pl of each diluted culture was placed in
eight wells of a 96-well microtitre plate, and
the plate was incubated for 5 hours at 30C. To
develop the assay, culture medium was
removed from the wells by aspiration and the
wells were washed with water and then filled
with 240 pl 0.1% crystal violet and allowed to
stain for 1 h. The crystal violet was then
removed and the wells washed with water to
remove non-attached material. Next, 250 pl
50% ethanol was added to each well and
gently agitated for several hours to allow the
crystal violet to dissolve. Finally, the contents
of each well derived from the same original
culture were pooled and at OD 550 was
measured. The following values were used to
assess biofilm production: OD595 < 0.1 (no
biofilm production); 0.1<OD595 < 0.2 (weak
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biofilm production); 0.2<OD595 < 0.3
(medium biofilm production), and OD595>0.3
(strong biofilm production) [19].

Tube method (TM):

A qualitative assessment of biofilm
formation was determined as previously
described by Christensen et al. [20]. TSB
(10mL) was inoculated with loopful of
microorganism from overnight culture plates
and incubated for 24 hrs at 37°C. The tubes
were decanted and washed with PBS (pH 7.3)
and dried. Dried tubes were stained with
crystal violet (0.1%). Excess stain was
removed and tubes were washed with
deionized water. Tubes were than dried in
inverted position and observed for biofilm
formation.Biofilm formation was considered
positive when a visible film lined the wall and
bottom of the tube. Ring formation at the
liquid interface was not indicative of biofilm
formation. Tubes were examined and the
amount of biofilm formation was scored as
O-absent, 1-weak, 2-moderate or 3-strong
Experiments were performed in triplicate and
repeated three times.

MICs for planktonic cells:

The MICs of single antibiotics for
planktonic cells at midlog phase were
determined by standard broth micro dilution
[21]. To examine the MICs of single
antibiotics, one hundred microliter volumes of
twofold serial dilutions of antibiotics, ranging
from 1024 pg/ml to 0.5 pg/ml, in MHB were
added to micro wells. Plates were incubated at
35°C aerobically for 18 hrs (for all antibiotics
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except).MICs for planktonic cells were defined
as the lowest concentration of antibiotics that
prevented the establishment of visible turbidity
after overnight exposure.

MICs for biofilm-grown bacteria:

MICs using bacteria at stationary phase
could not be tested by standard procedures as
the maximum cell density had already been
reached. The method to determine MICs for
biofilm-grown bacteria was adapted from that
of Ceri et al. [22]. Biofilms were established in
96-well microplates and exposed to 100 uL of
twofold serial dilutions of antibiotics ranging
from 1024 pg/ml to 0.5 pg/ml, in MHB.
Microplates were then incubated at 35°C for
18 or 24 hrs. depending on the antibiotics
tested. After overnight challenge, the
supernatants from each well were carefully
transferred to wells in a new 96-well
microplate without disturbing the biofilms, and
the turbidity of the contents was visually
assessed. The biofilm MIC was defined as the
lowest concentration of antibiotic at which no
visible growth was observed. When exposed to
antibiotics at or above this concentration, the
planktonic bacterial population could not be
established by bacterial shedding from the
biofilms

Result and Discussion

One hundred and fifty samples were
collected from urine and blood. The mean age
of patients was (1 day-6yr). There were
89 males (59.3%) and 61 females (40.6%)
with a male to female ratio (1.45:1).

Table (1)
Illustrated S. marcescens according to source of sampling, site of infection,
gender and age of patients.

Site of infection

Bacterial strain

Source

Preterm

Gender

Female 4 days

Intensive care unite

Female 3 years

Intensive care unite

Female 4 years

Intensive care unite

Male 4 months

Preterm

Male 6 days

Intensive care unite

Female 3 years

Intensive care unite

Male 2 year

Intensive care unite

Male 7 days

Intensive care unite

190

Male 2 year



Culture positivity seen in the urinary
tract infection was the most frequent
(77%), followed by blood infection (18%). A
total of 86 (57.33%) bacterial isolates were
obtained, this study focused only on 9 (15.2%)
clinical isolates of S. marcescens as shown in
Table (1) source of sampling, site of infection,
gender and age of patients.

All locally isolates is differentiated into
Prodigiosin  producer (11.6%) and non-
Prodigiosin producer (3.6%) Table (2).

Almost all isolates (6/9) showed visible
growth at 37°C. The purified colony
morphology appears as non-pigmented convex
and relatively opaque center effuse, colorless,
almost transparent periphery, and irregular
crenate edge surrounded by a clear zone
around the colonies were observed. The healthy
human beings do not often become infected
by Serratia, whereas, the hospitalized
patients were frequently colonized or infected.
S. marcescens were generally an opportunistic
pathogen causing infection in immunodeficient
patients [23]. Manikandan et al. [24] reported
that Escherichia coli was the predominant
uropathogen, while S. marcescens were the
least dominant uropathogen causing UTI
strains (6.47%).
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While  (1/9)  prodigiosin  producing
organism. The isolated colonies were
identified based on their morphology and
biochemical characteristics. The isolates were
confirmed as S. marcescens.

Williams and Quadri [25] reported that no
prodigiosin was produced when cultures
were incubated at 38°C;  however
pigment production was observed when the
temperature was shifted to 27°C. A complete
block in prodigiosin was observed in most
of the basically used media tested at 37° C
was similar to the result observed by [26].
Non-pigmented strains of S. marcescens may
be confused with several members of the
Enterobacteriaceae family. Only by routine use
of a battery of bacteriological tests can these
bacilli be separated from other enteric bacteria
and properly identified. Colonial morphology
on blood agar is quite similar to other enteric
organisms, while growth on Mac- Conkey agar
resembles that of the non-lactose fermenters. It
is probable that cultures of nonchromogenic
S. marcescens have been mistaken for
anaerogenic Paracolobactrum species
(especially the Hafnia group) or for Aerobacter
cloacae, Aerobacter subgroup C (liquefaciens),
and, to a lesser extent, for other members of
the Klebsiella aerogenes group[27;28].

Table (2)
Total sample, number and percentage of S. marcescens from all positive
culture samples according to gender.

Total
sampling

No. of positive
culture

marcesance

Gender
Male | Female

No. of S. Prodigiosin

producing

7(7%)

2(2%)

There have been frequent reports of S.
marcescens outbreaks in intensive care and
neonatal care units [29;30].Potential virulence
factors involved in this pathogenicity are
proteases, a nuclease, a lecitinase, and the
hemolysin, all of which are secreted by the
bacterium.

All S. marcescens strains (total of 9) of
different sources were hemolytic. Hemolysis
by Serratia marcescens is caused by two
proteins, ShIA and ShIB .The hemolysis zones
formed by ShlA are very small, which may

9(13.5)

explain why the hemolytic activity of the
clinically important S. marcescens and S.
liquefaciens had been largely overlooked. The
small hemolysis zone comes from the low
diffusion rate of the large molecule and its
instability [31].

Examinations for pellicle formation in
aerobic static broth were made at intervals
during growth for 24 hr. at 37C on the S.
marcescens studied; the results for the strains
are summarized in Table 3. The formation of a
clump or a pellicle as a ring at the side of the
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test tube was regarded as a positive result
was noticed among 7isolates (77.77%) from
9 isolates. The characteristic of the cells of
bacterial components of the cilia is to create
thin-film on the surface of the liquid media for
better ventilation is also a way to collect
bacteria and characteristic of this type, so
the composition of the thin film is a way to
protect the bacteria from the drought and
environmental conditions of other such as high
temperature [32].

Serratia marcescens was isolated from
clinical sample and found to grow as red-
pigmented colony on nutrient agar. Results
revealed that the isolate S. marcescens Se gave
a high productivity of prodigiosin as compared
with the amount produced by S. marcescens
Ss,e Prodigiocin production normally done in
nutrient broth and peptone glycerol broth [33].
was found S. marcescens to produce more
prodigiosin in maltose containing medium.

14 1.2 1 0.8
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S. marcescens was found to produce least
prodigiosin in  carbohydrate  containing
medium. This may be due to repressive effect
of glucose or lactose on prodigiosin
production, which was already observed by
[34].

The biofilm formation performed was
assessed through the crystal violet assay
(Fig.(1)) to measure the degree of adherence
and subsequent biofilm formation of all

S. marcescens isolates. Out of the 9
S. marcescens isolates 5 (55.5%) were
non-adherent, 4 (44.4%) were weakly

adherent, No isolate showed strongly adherent.

Bacterial  biofilm is a structured
community of bacteria enclosed in a self-
produced polymeric matrix and adherent to the
surface of tissues and biomaterials [35].
Establishment of a biofilm is the prelude to the
development of various chronic, intractable
infections [36].

Isolates

0.4 0.2 0

Absorbence at 595nm

Fig.(1) Biofilm production among local S. marcescens isolates by using
Tissue culture plate method (TCP).

The tube method for assay biofilm
formation showed good correlation with the
tissue culture plate method assay for
biofilm forming isolates and total 2 (22.2%)
isolate (S6 ; S5) were picked up as strong
and 5 (55.5%) were moderate biofilm
producers(S1,52,57,5S8,59). However, it was
difficult to discriminate between moderate and
weakly biofilm producing isolates.

The tube test correlates well with the TCP
test for biofilm producing isolates but it was
difficult to discriminate between weak and
biofilm negative isolates due to the variability
in observed results by different observers.
Consequently, high variability was observed
and classification in biofilm positive and
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negative was difficult by tube method. In
agreement with the previous reports, tube test
cannot be recommended as general screening
test to identify biofilm producing isolate [20].

The antibiotic sensitivity test was applied
on all isolated microorganisms using
commercially available disks. As indicated in
Fig.(2), All 9 isolates were sensitive to the new
IPM and AZM, whereas all isolates where
resistant to T,FOX,AMC,PRL, CX,0X ,MA,
CFM, DO While showed variable resistant to
other antibiotics used.

Our results also showed an increased
spectrum of antibiotics resistant pattern of
S. marcescens in infected individuals. The
antibiotic resistance pattern varied within the



age groups. These results were similar to [28].
The showed multiresistant against (4-8)
antibiotics, all isolates were resistant
by (%100) against Cefuroxime, Cefixime,
Cephalothin and Penicillin, while
Cephotaxime, Azteroname, Imipeneme and
Ciprofloxacin were sensitive by (%100).

Our results showed high multidrug
resistance to antibiotic used in this study.
Among 9 isolates, 4 isolates (S7,51,S3,S2) had
high resistance to 14,15,16 and 17 antibiotic
respectively. While reset showed resistant
to 9 different antibiotics (Table (4)). Horcajada
et al. [37]. Described an outbreak of multi
drug resistant S.marcescens Infection and
colonization involving adults admitted to
surgical intensive care unit.
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MICs and MBCs recorded for the tested
antimicrobial agents against the four S.
marcescens isolates showed biofilm formation.
The biofilm MICs were found to be much
higher than the planktonic MICs. These results
are shown in Fig.(1). In case of Lomofloxacin,
the biofilm MBC was 3 to 64 times higher
than the planktonic MIC. Also, the biofilm
MBC for Cefotaxime was 2 to 16 times higher
than that of the planktonic culture, whereas,
the biofilm MIC in case of amoxicillin-
clavulanic acid was 1 to 4 times higher than
that of the planktonic culture. Variable
behavior in biofilm formation for the 4
S. marcescens isolates was observed in biofilm
and planktonic cultures; no fixed increase was
noticed for all strains with the different
antibiotics used.

Table (3)
Number of multidrug resistant S. marcesans.

Bacterial No. of
. antibiotics Antibiotics
strain .
resist
S, 15 K,T,DO,CFM,FOX,MA,OX,CX,PRL,AMC,CRO,CTX,CAZ,CZC,FEP
S 17 K,T,DO,CFM,FOX,MA,OX,CX,PRL,AMC,CRO,CTX,CAZ,CZC,
2 FEP,LOMO,LEV
S 16 K,T,DO,CFM,FOX,MA,0X,CX,PRL,AMC,CRO,CTX, CZC,FEP,
8 LOMO,LEV
Sa 9 T,DO,CFM,FOX,MA,OX,CX,PRL,AMC
Ss 9 T.DO,CFM,FOX,MA OX,CX,PRL,AMC
Se 9 T.DO,CFM,FOX,MA OX,CX,PRL,AMC
S; 14 K,T,DO,CFM,FOX,MA,0X,CX,PRL,AMC,CRO,CTX, CAZ FEP
Sg 9 T.DO,CFM,FOX,MA,OX,CX,PRL,AMC
So 9 T.DO,CFM,FOX,MA OX,CX,PRL,AMC

K=Kanamycin,
DO=Doxcycline, MA=Cfamandole, FEP=Cefepime, CFM=Cefixime, CX=Cloxacillin, PRL=Pipracillin,
OX=0xacillin, IPM=Imipenem, AMC=Amoxicillin+clavulanic acid, CTX=Cefotaxime, CRO=Ceftriaxone

T=Oxytetracyclin,

AZM=Azithromycin, LEV=Levofloxacin, LEM=Lomefloxacin,
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Fig. (2) Comparison between Planktonic and Biofilm MIC of Lomofloxacin (a), Cefotaxime (b),
and amoxicillin-clavulanic acid (c) for the 4 S. marcescens.

In the present study, the effects of several
antibiotics on S. marcescens adherence were
tested. The studied antibiotics were chosen for
several reasons. Amoxicillin-clavulanic acid
and Cefotaxime was tested because it is
frequently used in the therapy S. marcescens
infections. Quinolone (Lomofloxacin) was
chosen because of their interesting activity
against gram-negative [38] bacterial biofilms.

At least three mechanisms have been
proposed to account for recalcitrance of
biofilms to antimicrobial agents: (i) failure of
the antimicrobial to penetrate the biofilm,
(i) slow growth and the stress response, and
(iii) induction of a biofilm phenotype [39].

In this study, cell viability was also
measured by determination of biofilm
MIC, which was found to be very high
(64x planktonic MIC) in case of the isolates
S9 when tested with Lomofloxacin. However,
in other cases the difference between
biofilm and planktonic MIC is much less
(3 xplanktonic MIC) in case of the isolate
S7 when tested with Lomofloxacin. (Fig.(2))
These results was also noticed by other
S. marcescens in study of [40] they noticed
that MIC was confirmed tobe higher for
the biofim than planktonic cells .also
Pseudomonas aeruginosa in biofilm showed a
4-fold greater resistance against ciprofloxacin
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and gentamycin compared with free-living
forms [41]. The medium with antibiotic used
not inhibited the prodigiosin production
at the MIC for planktonic cells. Therefore
prodigiosin  production in  media with
antibiotics used not marker of the growth and
activity of bacterial cells. Hirata et al. [40]
showed in medium with Fosfomycin and
Imipenem the prodigiosin production inhibited
at a concentration much lower than the MIC
for planktonic cells while in case of Ampicillin
prodigiosin production inhibited at the MIC
for planktonic cells.Biofilms are considerably
less susceptible to antibiotics than their
planktonic counterparts; biofilm production
may vary largely among different strains of the
same species isolated from different sites.
Although the ability to form biofilm may
contribute to the pathogenicity of this
organism, its clinical importance in our series
seems to be marginal [19].
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