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Abstract

Biofilms are a group of organisms that attach to a surface in an exopolysacharide matrix and render them
resistant to many group of antibiotics. Indwelling medical devices are often colonized by microorganisms and
have a great potential towards biofilm formation.All the medical devices i.e. Intravenous catheters tips (1.V.C.),
Endotracheal tubes(E.T.T.), Intercostal drain tubes(l.C.D.) and Nasogastric tubes (N.G.T. Tubes)  were
collected aseptically and sent to the Clinical Microbiology Laboratory. The devices were processed by
standard microbiological procedures & their biofilm production was determined . In the 100 devices processed,
57% were culture positive. Staphylococcus epidermidis (45%), & Klebsiella pneumoniae (38%) were the
commonest isolates , among which 81% were biofilm producers. All the Gram Positive isolates were found to
be Methicillin resistant and in the Gram Negative isolates, 76% were Extended Spectrum Beta Lactamases (
E.S.B.L.) and 59% were Carbepenamase producers . From the culture positive devices 81% were biofilm
producers. To conclude, among the isolates which colonized the various medical devices , majority of them
were Multi Drug Resistant , which were observed to produce strong to moderate biofilms.
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I. Introduction

Biofilms are sessile communities of microbes which cause a variety of infections. They are
characterized by the cells that get irreversibly attached with each other and get embedded in the matrix of Extra
Polymeric Substances (E.P.S.) produced by themselves.! Biofilms are responsible for many device associated
infections , upper respiratory tract infections, urogenital infections & chronic wound # Devices are vulnerable
for colonization by the biofilm producing bacteria, and are a source of persistant and resistant Infections, unless
removed from the patient.*Due to the extensive use of these devices in hospitalized patients , incidence of device
related infections has increased .*

Lowbirthweight, prematurity, congenital malformations, prolonged hospital stay, frequent invasive
procedures, and administration of total parenteral nutrition are important factors that increase the risk of
infection in neonates & infants.® Therefore , this group is prone for life threatening infections. Hence, this study
is focused on the microbes colonizing the devices , their potential towards biofilm formation, and their antibiotic
resistant patterns among the patients admitted in the N.I.C.U & P.1.C.U. of a Paediatric tertiary care hospital.

1. Material And Methods
After approval from the ethical committee ,this prospective study was carried on a study group of
children aged 0 -15 years admitted to the N.I.C.U. & P.1.C.U of a Pediatric Tertiary care Hospital(Niloufer
Hospital for Women & Children, Hyderabad, T.S. India) The study was conducted over a period of six months
i.e., from March 2015 to August 2015. 100 non repetitive indwelling medical devices included I.V.C., ET.T.,
I.C.T.,N.G.T. , received to the clinical microbiological laboratory were the samples processed . Devices placed
for more than 12 hours were included in the study.

Specimen collection and processing: ®"®: The distal 3-5 cm of the tip of the catheter and the terminal end of
the tubes was aseptically cut with a sterile scissors & was dropped into a sterile test tube containing brain heart
infusion (B.H.l.) broth. Samples were sent immediately to the Microbiology laboratory for processing.
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I.V.C. Catheter tip processing’: Maki’s semi quantitative culture method was used for processing the
catheter tips. Using a sterile forceps the tip was rolled back and forth across the entire surface of the agar plate
using sterile forceps while exerting a slight down ward pressure. The same was repeated again on MacConkey
agar plate, and the plates were incubated aerobically at 37°C, the colony count was recorded after 24 hours.

Processing of E.T.T., I.C.T., N.G.T.?:

Under strict aseptic conditions the distal 3-5 cm of the tube tips were sent in a sterile tube containing B.H.I.
broth to the Microbiology laboratory immediately for the quantitative culture . These samples were Incubated
for four hours , examined microscopically and cultured aerobically on Blood agar & MacConkey agar . The
culture plates were incubated at 37°C overnight (18-24 hours) and examined for any growth. The organisms
isolated were identified by standard biochemical reactions and confirmation of identification was done by Vitek
2 biomerieux automated system.

Antibiogram of the isolates™:

Kirby Bauer disc diffusion method was performed for antibiotic susceptibility testing. Test organism was sub
cultured into peptone water and incubated for 4-6hrs at 37°c. Turbidity was standardized with 0.5 McFarlands
and swabbed over 90mm Mueller Hinton agar plate. Antibiotic discs were placed at 15mm from the edge of the
plate and evenly so that they were no closer than 25mm from centre to centre. Plate was incubated at 37°C
forl8-24 hrs. Zones of inhibition were measured after incubation with a ruler and interpreted as per CLSI
guidelines. The commercially available antibiotic discs were used, supplied by Himedia (Mumbai). Vitek 2
biomerieux automated system was carried out for Minimum Inhibitory Concentration (M.1.C.)

Control : Gram Positive Cocci : Staphylococcus aureus A.T.C.C strain 25923
Gram negative bacilli : E.coli A.T.C.C. strain 25922.

DETECTION OF BIOFILM FORMATION **:

Tissue culture plate method: This quantitative test is considered the gold standard method for biofilm
detection, described by Christensen et al®. Organisms isolated from fresh agar plates were inoculated in 10 mL
of trypticase soy broth with 1% glucose and were incubated at 37°C for 24 hrs. The cultures were then diluted in
1:100 fresh trypticase soy broth. Individual wells of sterile 96 well-flat bottom polystyrene tissue culture
treated plates were filled with 200 pL of the diluted cultures. The control organisms were also incubated, diluted
and added to tissue culture plate. Negative control wells contained sterile broth. The plates were incubated at
37°C for 24 h. After incubation, contents of each well were removed by gentle tapping. The wells were washed
with 0.2 mL of phosphate buffer saline (pH 7.2) four times. Biofilm formed by bacteria adherent to the wells
were fixed with 2% sodium acetate and stained by crystal violet (0.1%). Excessive stain was removed by using
deionized water and plates were kept for drying. Optical density (OD) of stained adherent biofilm was obtained
by using micro ELISA autoreader (model 680, Biorad, UK) at wavelength 570 nm. The experiment was
performed in triplicate and repeated three times. Isolates were classified as strong, moderate, weak or zero
biofilm producers based on their ODsq,

Calculation for optical density for detection of Biofilm :

Strong biofilm producer (4x ODc) < ODs7g

Moderate biofilm producer (2x ODc) < ODs7o < (4% ODc)

Weak biofilm producer ODc < ODs7g < (2x ODc)

ODs7¢ < ODc¢ = no biofilm producer.

{OD cutoff (ODc) = average ODs, of negative control + (3% standard deviation of negative control)}
Positive Control Biofilm Producer—Pseudomonas aeruginosa A.T.C.C strain 2785

Negative Control: Non Biofilm producer- Staphylococcus aureus A.T.C.C strain 25923
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I11. Results:
Out of the 100 specimen processed , 57% were culture positive. Out of the 36 I.V.C. processed , 56% were
culture positive and of the 64 device tubes processed 58% were culture positive.

Tablel : Microbiological profile of Intra Venous Catheters ( n=20)

Organism isolated Percentage %
Methicillin resistant Staphylococcus epidermidis 45%
Methicillin resistant Staphylococcus aureus 15%
Pseudomonas aeruginosa 15%

91% of colonization was seen from the 1.V.C. inserted over the lower limb, and out of the 12 1.V..C.
collected from the neonates, highest percentage (67%) of colonization was found to be in low birth babies with
birth weight less than 2.5 k.g. The duration of 1.V.C. was found to be directly proportional to colonization, i.e.
60% of colonization was seen from the 1.V.C.’s which were indwelling for greater than 96 hours of duration.

Table 2 : Microbiological profile of ET.T., I.C.T., N.G.T., (n=37)

Organism isolated Percentage (%)
Klebsiella pneumonia 38%
Acinetobacter baumanii 22%
Pseudomonas aeruginosa 19%

Biofilm Production of Isolates: Among the 57 positive cultures , 42 (81%) isolates were found to produce
biofilm , detected by tissue culture plate method (T.C.P.). Highest number of biofilm producers were isolated
from the endotracheal tubes (67%) followed by 1.V.C. (38%).

Grades of biofilm production by Tissue Culture Plate method : Out of the 42 isolates which produced
Biofilms by T.C.P. Method 23%were strong , 62% were moderate & 14% 7were weak biofilm producers. 42%
of P. aeruginosa isolates , 37.5% of A.baumanii, 25% E.coli, 14% of K.pneumoniae , 7.60% of S.epidermidis
were among the strongest biofilm producers.

Figure 1. TISSUE CULTURE PLATE METHOD
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Table 3 : Frequency between resistance pattern of Biofilm producers & Non Biofilm producers in Gram
Positive isolates

Antibiotic Biofilm producer (n=13) Non Biofilm producer (n=5)
Resistant R% Resistant R%
Ampicillin 13 100% 5 100%
(10mcg)
Amoxyclav 10 77% 3 60%
(20/10mcg)
Amikacin 8 62% 1 20%
(30mcg)
Gentamicin 10 7% 2 40%
(10mcg)
Levofloxacin 7 53% 1 20%
(5mcg)
Cefotaxime 8 62% 2 40%
(30mcg)
Cefoperazone +Sulbactum 6 46% 1 20%
(75/30mcg)
Linezolid 0 0% 0 0%
(30mcg)
Vancomycin 0 0% 0 0%
(M.1.C.-E Test
0.016-256mcg/ml)
Cotrimoxazole 11 84% 3 60%
(25mcg)
Azithromycin 9 70% 3 60%
(15mcg)

Out of the Biofilm producing Staphylococcal species ,all the isolates (100%) were found to be
methicillin resistant which was detected by Cefoxitin disc (30mcg) screening method, while all the isolates were
susceptible to Vancomycin and Linezolid.

Table 4: Frequency between resistance pattern of Biofilm producers & Non Biofilm producers in Gram
Negative Isolates

Biofilm producers Non Biofilm producers
n=29 n=05
Antibiotic
Resistant R% Resistant R%

Amoxyclav (20/10mcg) 24 82.7 2 40
Cefotaxime (30mcg) 24 82.7 2 40
Ceftazidime(30mcg) 24 82.7 2 40
Ceftriaxone (30mcg) 24 82.7 2 40
Cefoperazone + Sulbactum 19 65.5 1 20
(75/30mcg)
Ciprofloxacin (5mcg) 28 96.5 3 60
s Levofloxacin(5mcg) 23 79.3 2 40

Amikacin(30mcg) 23 79.3 1 20

Imepenem (10mcg) 20 76 0 0

Meropenem(10mcg) 20 76 0 0
Piperacillin/tazobactam 20 76 2 40

(100/10mcg)

Out of the 34 Gram Negative Bacilli isolated, 76% were E.S.B.L. producers and 59% were carbepenamase
producers . All the G.N.B.’s were susceptible to Colistin. The resistant pattern of the G.N.B’s and the
susceptibility to antibiotics was confirmed with Vitek 2 biomerieux automated system.

V. Discussion
Medical devices are an integral part of various interventions in treatment on the patients in modern day
medicine, especially in the critically ill patients."® These invasive devices being important for the patients ,they
are prone for bacterial colonization.* These devices which are inserted at various body sites bypass the normal
defense barriers. By virtue of this, organisms are provided an access to sterile tissues and body fluids.It is
hypothised that the ability of an organism to persist in the environment as well as its virulence is a result of its
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capacity to colonize the device and further lead to biofilm formation."® Biofilm formation is a pathogenic
mechanism for microbial persistence and treatment failure to antibiotics as these biofilm encased organisms are
multidrug resistant. Resistance to drugs is attributed to the biofilm producing ability of isolates as they display
an altered gene character.®*® Hence , due to the above mentioned factors this study was done to emphasise on ,
the bacteria colonizing medical devices ,their potential towards biofilm formation and their antibiotic resistance
pattern in patients admitted to N.1.C.U& P.I.C.U. of a Pediatric Tertiary Hospital.

The study group comprised of 100 patients who had medical devices inserted more than 12hours of
duration irrespective of the reason for device insertion. Out of the 100 specimens which were cultured, a total of
57 were reported to be culture positive, while the other 43 did not yield any growth showing a culture positive
rate of 57%. Similar rates were observed in the studies done by Ahmed o et al(2008)*" 52.9% and by Lombardi
et al (2014)*¥59.9% .

Among the I.V.C. Tips colonized S.epidermidis was the most common organism isolated (45%) in our
study. Larke et al*® have reported that skin of 80-90% of people is colonized with S.epidermidis and most of the
Coagulase Negative Staphylococci (CONS) infections are acquired from patients own flora. According to the
data of the National Health Care Safety Network® ,major risk factor for infection with CONS is the presence of
implanted biomedical devices. Next common isolates were Staphylococcus aureus(15%), and Pseudomonas
aeruginosa (15%).

Out of the 12 I.V.C’s inserted in the lower extremity 1lshowed colonization ( 91%) .Increased
colonization in the lower limb insertion site is due to the high density of local skin flora.?* This was in
correlation with Rao et al (2005)%*, Ahmed O Shafik et al (2008)*', Monil Singhai et al (2012).%

Out of the 12 Intravenous catheter tips colonized from the neonates (66.6%) were Low Birth Weight
babies .Low birth weight infants are at increased risk for device associated infections due to their immature
immune system.**

60% of colonization was observed in greater than 96 hours of stay of the device insitu. Thomas et al
(2013)** too reported in their study that increased duration of catheterization was a significant factor in
development of catheter related blood stream Infections.

The present study showed predominance of gram negative bacilli colonizing in the endotracheal tube ,
Intercostal drain tubes and nasogastric tube K. pneumonia (38%) was the commonest isolate obtained followed
by Acinetobacter baumanii (22%) and Pseudomonas aeruginosa(19%) . Feldmann C (1999)**documented that
the interior of the endotracheal tube of the patients on mechanical ventilation was colonized rapidly with gram
negative bacilli and that colonization of the E.T.T. may begin as early as 12hours and it is more abundant at 96
hours, hence the rate of colonization is a ‘Time dependant process’. In a study by JMacFie et al®® the
commonest organisms isolated were Candida sp.and E.coli from the nasogastric tubes. In our study we
observed that Acinetobacter baumanii was the commonest organism isolated from the Intercostal drain tubes.

In the present study, out of the 57 bacterial isolates , 81% were biofilm producers and the highest
number of biofilm producers were from the E.T.T.’s 67%,followed by I.V.C.’s 38%. K.pneumoniae 91% was
found to produce biofilm from E.T.T. All the isolates (100%) of S.epidermidis from 1.V.C’s were biofilm
producers. Similarly out of the 4 isolates from N.G.T’S 1(25%) klebsiella pneumoniae formed biofilm. Out of
the 6 isolates from the I.C.D. tubes 1 (17%) Acinetobacter baumanii isolate, showed biofilm production. Out of
the 42 biofilm producers detected by T.C.P. method, 23%, 62%, 14%, were strong, moderate, weak biofilm
producers respectively. 42% of P. aeruginosa isolates , 37.5% of A.baumanii , 25% E.coli, 14% of
K.pneumoniae , 7.60% of S.epidermidis were among the strongest biofilm producers. T.C.P. method is an
accurate & reproducible method for detection of biofilm producers (Mathur T et al (2006).% In their study
T.C.P. method detected 53.9% of biofilm producers. An advantage with the T.C.P. method is that it obviates the
difficulty of categorization by taking the measurement of the Optical Density (O.D.) value which helps in
quantification of the biofilm which is produced.

In the present study ,all the Biofilm producing Staphylococcal species (100%) were Methicillin
resistant. 100% sensitivity was seen with Linezolid & Vancomycin . In a study conducted by Maya Nandkumar
et al (2013)?', 82% of biofilm producing Staphylococcus species were Methicillin resistant and 14% of isolates
were resistant to Vancomycin. In the studies conducted by De Arajo et al (2006)%, Agarwal et al (2012)*
'CONS isolates producing biofilms had increased resistance with antibiotics than non-biofilm producing
organisms. 76% of the gram negative bacilli were E.S.B.L. producers and 59% were found to be
Carbepenamase producers . In a study done by Monil Singhai et al (2012)% 81% of the Gram negative bacilli
were E.S.B.L. producers and in a study conducted by Sangita et al (2012)" , 23% were E.S.B.L. producers while
34% were Carbepenamase producers All the G.N.B.’s were susceptible to Colistin. This resistant pattern of
antibiotics and the susceptibility was confirmed with Vitek 2 biomerieux automated system. In a study done by
Mulla Summaiya et al (2012)*, all the isolates were susceptible to Colistin. An elevated Efflux pump expression
mechanism, physiological heterogenicity, increasing mutation rates & exchange of genes are responsible for
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antibiotic resistance in biofilm producing organism. Biofilm producers mostly being nosocomial have been
associated with variety of persistent infections, leading to treatment failure.*

The limitation of our study was that a proper clinical followup could not be performed due to transfer of these
patients to other set ups, or leaving against medical advice and in death of the patients.

V. Conclusion
Medical devices have unquestionable benefits in the medical practice, yet they come with many life threatening

complications. Biofilm production has been implicated as one of the potential virulence factor of bacteria
resulting in multidrug resistant device associated infections. This results in decreased quality of health care
provided to the patient & causes prolonged hospital stay. Therefore, it is essential to review the patient daily and
removal of the device should be recommended as soon as possible . subsequently, proper isolation practices and
meticulous hand hygiene has to be implicated for prevention of cross contamination which will result in
decrease in the colonization of biofilm producing multidrug organisms in the devices aswell in the hospital
environments. Further it is important to know about the local resistance pattern of these organisms in critical
areas of the hospital, as this can be helpful for the implementation & formulation of Hospital infection policy.
The rationale use of antibiotics will reduce device associated infections with multidrug resistant organisms and a

better patient outcome.
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