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Abstract

Background: Infections with multi drug resistant (MDR) organisms are a major problem in intensive care units
(ICUs). Proper infection control procedures are mandatory to combat the spread of resistant organisms within ICUs.
Well stablished surveillance programmes will enhance the adherence of the staff to infection control protocols. The
study was conducted to assess the feasibility of using basic molecular typing methods and routine hospital data for
laboratory surveillance of resistance organisms in resource limited settings.

Methods: A retrospective study was conducted using consecutive Gram negative isolates obtained from an ICU
over a six month period. Antibiotic sensitivity patterns and random amplified polymorphic DNA (RAPD) based
typing was performed on the given isolates.

Results: Of the seventy isolates included in the study, seven were E.coli. All E.coli were MDRs and Extended
Spectrum β lactamse (ESBL) producers carrying blaCTX-M. Fourteen isolates were K.pneumoniae, and all were MDRs
and ESBL producers. All K.pneumoniae harboured blaSHV while 13 harboured blaCTX-M. The MDR rate among P.
aeruginosa was 13% (n=15) while all acinetobacters (n=30) were MDRs. Predominant clusters were identified within
all four types of Gram negatives using RAPD and the ICU stay of patients overlapped temporally.

Conclusion: We propose that simple surveillance methods like RAPD based typing and basic hospital data can be used
to convince hospital staff to adhere to infection control protocols more effectively, in low and middle income countries.

Keywords: Multi drug resistance, RAPD, Sri Lanka

Background
In many developing countries, improper use of antibiotics,
poor sanitation and shortfalls in infection control facilitate
the amplification and dissemination of resistant strains in
health care institutes and the community [1]. Increasing
air travel, global mobility, health tourism, animal exports
and international trade facilitate the spread of resistant
organisms to countries worldwide [2]. Therefore,
antimicrobial resistance is a global crisis that no single
country can fight against, in isolation.
The World Health Organization (WHO) in February

2017 published a list of priority organisms that needs new
antibiotics urgently. These include carbapenem resistant
Acinetobacter baumanii, carbapenem resistant Pseudomonas

aeruginosa and enterobacteriaceae resistant to carbapenems
and 3rd generation cephalosporins at critical level, emphasiz-
ing the magnitude of the problems occurring due to these
[3]. Gram-negative bacteria, including the above were also
the most common cause of healthcare associated infections
(HAIs) in many low and middle income countries, and the
focus of this paper [4].
Antibiotic resistance is a major concern in the Sri Lankan

health care sector, particularly in relation to HAIs, with
higher rates of cephalosporin resistance than community
isolates [5]. Carbapenem resistance is also known to be
widespread among many institutions [6–8].
Intensive care units (ICUs) have a high antibiotic

pressure. Therefore, resistant organisms develop and thrive
in these environments. High antibiotic resistance in ICU
settings is present throughout Sri Lanka [7–10]. While
most studies describe the sensitivity patterns, mechanisms
of resistance, genetic determinants of resistance and
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clonality have not been studied widely in Sri Lanka. Cur-
rently, surveillance also remains at the level of identification
of organisms and resistance patterns via routine testing.
Surveillance is considered as an integral part of infection
prevention and control programmes [11]. Effective surveil-
lance programmes are known to reduce rates of hospital
acquired infections [12]. Despite the recent improvement
of laboratory infra-structure in Sri Lanka, no routine typing
protocols are in place. While methods such as Next
Generation Sequencing (NGS) based typing and Multi
Locus Sequence typing (MLST) have now become the
standard methods in typing, in resource limited settings,
simpler methods such as random amplification of poly-
morphic DNA (RAPD) can be used more cost-effectively.
This study was carried out in order to identify the

feasibility of using RAPD and minimal clinical data for
laboratory surveillance in resource limited settings.

Methods
This laboratory based study was conducted on consecutive
Gram negative isolates obtained from cultured respiratory
tract specimens received from patients admitted to the ICU
of Teaching Hospital Peradeniya (THP) from March to
September 2015. The study unit is the single ICU providing
intensive care facilities to this 924 bed hospital and has 10
ICU beds that are housed in three compartments. The first
isolate obtained per species was selected per patient unless
there was a gap of >5 days between the two specimens or a
difference in the morphological appearance or antibiogram.
Ethical clearance for the study was obtained from the Insti-
tutional Ethical Review Committee, Faculty of Medicine,
University of Peradeniya, Sri Lanka.
Isolates were stored at −80 °C prior to testing. Date of

admission to the ICU and date of discharge were obtained
retrospectively from the institutional records.
All isolates were identified up to their species level except

the Acinetobacter spp., by a using series of standard bio-
chemical tests supplemented by commercial kits where
needed. Acinetobacter spp. were identified up to genus
level.
Antibiotic susceptibility testing (ABST) was performed

and interpreted accordingly to the Clinical and Laboratory
Standards Institute (CLSI) guidelines and standards (CLSI,
2016). ESBL production was confirmed in E. coli and K.
pneumoniae isolates by the combined disc test [13].
Carbapenem non-susceptible (either resistant or intermedi-
ate sensitive) E.coli and K. pneumoniae isolates were tested
for carbpenemase production by the modified Hodge test
(MHT).
As genetic determinants of ESBL production, blaCTX-M,

blaSHV, and blaTEM genes were detected using previously
described primers in all E. coli and K. pneumoniae isolates
[14]. PCR reactions were carried out with 2 μL of template
obtained from boil lysis of organisms, 5 μL of 5× Green

GoTaq™ buffer (Promega, USA), 3 μL of 25 mM MgCl2
(Promega, USA), 1 μL of 10 mM dNTP mix (Promega,
USA), 0.4 μL of 5 U/μL GoTaq™ Flexi DNA polymerase
(Promega, USA) and 0.5 μL of each 10 μM forward and
reverse primers (Integrated DNA Technologies) with
molecular grade water (Invitrogen, USA) added to a total
of 25 μL. The annealing temperature for the ESBL
multiplex PCR was 60 °C.
Six primers were screened using DNA extracted from K.

pneumoniae BAA 1705, E. coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853 and a clinical Acinetobacter spp.
isolate (isolate no 105). The primer giving rise to the highest
number of discrete bands was selected for typing the given
group of organisms. Selected primers were RAPD_1:GAAG
CAGCCCGGTAGTAGGTTGAG for E. coli and K. pneu-
moniae [15], RAPD_5: AGCGGGCCAA for Acinetobacter
species and RAPD_6: ACGGCCGACC for Pseudomonas
aeruginosa [16]. The PCR mater-mix constituted of 3 μl of
25 nM MgCl2 (Promega, USA), 5 μl of 5× Green GoTaq
Buffer (Promega, USA), 1 μl of 10 mM dNTP mix (Promega,
USA), 0.3 μl 5u/ μl of GoTaq Flexi DNA polymerase, 2 μl of
10 mM primer (Integrated DNA Technologies), 2 μl of tem-
plate DNA and 11.7 μl of molecular grade water (Invitrogen,
USA) to a total volume of 25 μl. All reactions were
performed at an annealing temperature of 36 °C for 1 min.
All gel pictures captured were analyzed with the

GelJ software downloaded from http://sourceforge.net/
projects/gelj/ on 30/01/2016 [17]. Dendograms were
drawn with Dice co-efficient for similarity calculations
using UPGMA linkage. Tolerance levels were adjusted
for the given species of isolates with the reference lanes.

Results
The mean stay until samples collection, in instances where
data could be retrieved (n = 56), was 7.4 days (SD 6.8),
while the median was 5 days (range 0 to 33 days). The
mean length of ICU stay was 13.4 days (SD 10.1), while
the median was 9 days (Interquartile range 3–9.75 days).
Fifteen patients were transferred back to ward (28.8%)
while 37 patients (71%) died during the ICU stay (data
available in 52 patients).
During the six month study period a total number of 70

Gram negative isolates were obtained from respiratory tract
specimens. Of these 70 isolates, seven isolates were E. coli
(10%), 14 were K. pneumoniae (20%), three isolates were
Stenotrophomonas maltophilia (4.3%) and one was Aeromo-
nas hydrophila (1.4%). Also 15 of the 70 isolates were
identified as P. aeruginosa (21.4%) and 30 were identified as
Acinetobacter spp. (42.9%).

E. coli isolates
All E.coli isolates were resistant to ampicillin, cefotaxime,
ceftriaxone and aztreonam. Six isolates (85.7%) were resist-
ant to ceftazidime and cefipime. Two (28.6%) isolates were
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resistant to piperacillin-tazobactam. One isolate (14.3%)
was resistant to both imipenem and meropenem while
one isolate (14.3%) was resistant to meropenem only. Six
isolates (85.7%) were resistant to ciprofloxacin while five
isolates (71.4%) were resistant to levofloxacin. All isolates
were sensitive to amikacin while two (28.6%) were resist-
ant to gentamicin. Using the commonly used definition of
multi drug resistance (MDR) as an organism being resist-
ant to three or more classes of antibiotics [18], all seven
E.coli isolates were identified as MDRs. All seven isolates
were confirmed to be ESBL producers by the combined
disc test while one isolate (14.3%) was identified as a car-
bapenamase producer by the MHT. All seven isolates
were found to harbour blaCTX-M while one isolate each
harboured blaSHV, and blaTEM as well (Table 1).
The UPMGA based clustering of the RAPD results of

the E. coli isolates (n = 7) with a tolerance of 4.5 at a
75% similarity revealed a single cluster consisting of 5
(71.4% of the E.coli isolates) isolates while the remaining
two isolates were singletons (Fig. 1). As the number of
isolates were small, no further analysis was performed.
Analysis of overlap of stay up to the date of discharge/

death in the six instances where data was available identified
that in three occasions, there was on epidemiological link i.e.
an overlap in hospital stay between two patients (Fig. 2).

K. pneumoniae isolates
All K. pneumoniae tested were resistant to cefotaxime, cef-
triaxone, ceftazidime and aztreonam. Eleven isolates (78.6%)
were resistant to cefepime and piperacillin-tazobatam. Five
isolates (35.7%) were resistant to imipenem, meropenem or
both while one was intermediate sensitive. Ten isolates
(71.4%) were resistant to gentamicin while one isolate (7.1%)
was resistant to amikacin. Twelve (85.7%) were resistant to
ciprofloxacin while eight (57.1%) were resistant to levofloxa-
cin. All K.pneumoniae isolates were MDRs. All K. pneumo-
niae isolates were confirmed to be ESBL producer while six
K. pneumoniae isolates (42.8%) that were non-susceptible
for carbapenems were identified as carbapenamase pro-
ducers by the MHT. All isolates were positive for blaSHV
gene while 13 (92.8%) were found to carry blaCTX-M gene
and eight were found to carry blaTEM (Table 1). Seven
isolates (50%) harboured all three determinants.
The UPMGA based clustering of the RAPD results of the

K. pneumoniae isolates (n = 14) with a tolerance of 4.5 at a
80% similarity revealed a single cluster consisting of 11

(78.6% of the K. pneumoniae isolates) isolates while the rest
of the isolates were grouped in twos or as singletons (Fig. 3).
Data on discharge was available in eight patients. There

were overlaps in stay in three occasions, including one where
the organisms belonged to different RAPD clusters, while in
one instance the occurrence was in isolation (Fig. 4).

P. aeruginosa isolates
Out of 15 P. aeruginosa tested no resistant isolates were
found for ceftazidime and cefepime. One isolate (6.7%)
was resistant to aztreonam. Two isolates (13.3%) were
found to be resistant to imipenem, meropenem and
piperacillin-tazobactam. One isolate (6.7%) was found to
be resistant to gentamicin while no resistance was
detected against amikacin. Only two isolates (13.3%)
were found to be MDR.
The UPMGA based clustering of the RAPD results of

the P. aeruginosa isolates (n = 15) with a tolerance of 4 at
a 75% similarity revealed a single cluster consisting of 8
(53.3% of the P. aeruginosa isolates) isolates while the rest
of the isolates grouped in twos or as singletons (Fig. 5).
Many of the pseudomonas isolates of the predominant

cluster occurred during an overlapping time period (Fig. 6).

Acinetobacter isolates
All Acinetobacter spp. were MDRs and resistant to cefo-
taxime, imipenem, meropenem, and piperacillin-
tazobactam. Twenty eight isolates (93.3%) were resistance
to ceftazidime while 29 (96.7%) isolates were resistant to
cefipime. All isolates were resistant to ciprofloxacin. Gen-
tamicin resistance was present among 26 isolates (86.7%)
while amikacin resistance was present in 16 isolates
(53.3%). Twenty acinetobacters (66.7%) were found to be
positive for the carbapenemase production by MHT.
The UPMGA based clustering of the RAPD results of

Acinetobacter isolates with a tolerance of 4 revealed 3 clus-
ters at 75% similarity. The predominant cluster (Cluster 1)
consisted of 22 isolates (73.3% of all Acinetobacter isolates)
with 21 of them clustering together even at 80% similarity.
The second cluster (Cluster 2) consisted of 5 isolates
(16.7% of all Acinetobacter isolates) and the third cluster
(Cluster 3) consisted of 3 isolates (10% of all Acinetobacter
isolates) (Fig. 7).
The RAPD clusters differed in sensitivity to some antibi-

otics and the cluster specific sensitivity patterns for these
antibiotics are given in Table 2.
Analysis of length of stay in the ICU in patients in

whom data were available (n = 24) indicated epidemio-
logical links in the form of overlap in stay among many
patients Fig. 8).

Discussion
This study identified 25 coliforms (35.7%) out of 70 Gram
negative isolates. All seven E.coli and all 14 K.pneumoniae

Table 1 Positivity rates for genetic determinants of ESBL production

Isolate type blaCTX-M blaSHV blaTEM

E. coli (n = 7) 100% (n = 7) 14.3% (n = 1) 14.3% (n = 1)

K. pneumoniae (n = 14) 92.9% (n = 13) 100% (n = 14) 57.1% (n = 8)
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isolates were found to be ESBL producers. A study on
blood stream infections in Sri Lanka had identified that
22.5% of adult septic patients had ESBL producing
organisms as causative agents [10]. Similarly, in a study
conducted on urinary isolates, 40.2% had been identified as
ESBL producing enterobacteriaceae [19]. Both these
studies would have included more patients with com-
munity onset disease than the cohort of the current
study, accounting for the differences in resistance
rates. Considering mainly health care associated infec-
tions, a recent study performed in an Indian tertiary
hospital founded that among 223 isolates of K. pneu-
moniae, 114 (51.1%) were ESBL producers [20]. A
long term study at an Indian institute had identified
ESBL prevalence to be as high as 80.9% within certain
ICUs [21].

All E.coli isolates were found to harbour blaCTX-M.
CTX-M has emerged to be the most common genetic
determinant for ESBL production globally, including Sri
Lanka [19, 22]. The most common genetic determinant of
ESBL production among the K.pneumoniae isolates was
blaSHV, followed by blaCTX-M. A separate study in Sri
Lanka has also found a higher presence of blaSHV among
K.pneumoniae isolates than E.coli isolates [19]. Similar
findings have been reported from elsewhere in the world
too [23]. A number of K.pneunoniae isolates (50%) were
found to carry all three types of ESBL associated genes. It
is alarming to notice this trend, particularly as the genetic
determinants of resistance may be found on transmissible
genetic elements.
The available therapeutic options for the treatment of

ESBL-associated infections are limited due to co-resistance

Fig. 1 RAPD cluster analysis of the Escherichia coli isolates
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Fig. 2 Timeline of ICU stay in patients with E.coli isolates
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to various groups of antibiotics. Carbapenems are the the
drug of choice against ESBL producers. However, with the
increasing rates of ESBL producers, carbapenems are being
used increasingly as empirical therapy. This in-turn drives
the development of resistance to carbapenems. In this study
six Klebsiella pneumoniae isolates (43%) were found to be
non-susceptible for carbapenems and were confirmed to be
carbapenemase producers by the MHT. A Sri Lankan study
conducted from January to April 2012 had identified a
carbapenamase production rates of 7.9% and 0% at two
institutes in the Western province of Sri Lanka [6].
However, this study included isolates other than those
obtained from ICUs.

In our study, which was conducted at a center over a
period of 6 months, the majority of respiratory tract iso-
lates were Acinetobacter spp. (n = 30, 43%). In a study
conducted in 15 ICUs across Vietnam, the most frequently
identified hospital associated infection related isolates
were A. baumannii (n = 726, 24.4%) [24]. In a recent study
conducted in Sri Lanka, out of 200 patients with VAP,
33.5% of the patient samples yielded Acinetobacter species
[7]. Our study included organisms isolated from patients,
irrespective of whether the patients had underlying
Ventilator Associated Pneumonia (VAP) or not and some
of the isolate could have been colonizers. However, if a
patient develops subsequent VAP, it is likely that the

Fig. 3 RAPD cluster analysis of the Klebsiella pneumoniae isolates
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Fig. 4 Timeline of ICU stay in patients with K.pneumoniae isolates
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colonizing flora would give rise to the infections; therefore,
our sample selection could be justified coupled with the
difficulty in establishing the diagnosis of VAP [25]. Further-
more, a recent long term study in the United States has
identified that the presence of carbapenem resistant A.

baumannii on surveillance cultures was strongly associated
with the later development of infections with the same or-
ganisms, further validating our selection of samples [26].
In our study, all seven of the E. coli isolates, all 14 Klebsiella

pneumoniae isolates and all 30 Acinetobacter spp. isolates

Fig. 5 RAPD clusters of the Pseudomonas aeruginosa isolates
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Fig. 6 Timeline of ICU stay in patients with P.aeruginosa isolates
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Fig. 7 RAPD clusters of Acinetobacter isolates. *Isolate 105 included in the analysis twice as it was used as the internal control

Table 2 Selected antimicrobial sensitivity testing results and MHT results of the RAPD clusters

Characteristic Cluster 1
n = 22

Cluster 2
n = 5

Cluster 3
n = 3

p value**

Amikacin non-susceptibilitya 17 (77.3%) 4 (80%) 1 (33.3%) 0.313

Gentamicin non-susceptibility 22 (100%) 3 (60%) 2 (66.7%) 0.013

Ceftazidime non-susceptibility 22 (100%) 5 (100%) 1 (33.3%) 0.007

MHT positive 14 (63.6%) 4 (80%) 2 (66.7%) 1.000
aNon-susceptible = intermediate sensitive + resistant
**p value calculated with the Freeman-Halton extension of Fisher’s exact test using Soper, D.S. (2016). Fisher’s Exact Test Calculator for a 2 × 3 Contingency Table
[Software]. Available from http://www.danielsoper.com/statcalc
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could be defined as MDR as they were resistant to more than
three antimicrobial classes. Out of the 15 P. aeruginosa iso-
lates, only two MDR isolates (13%) were found to be MDRs.
A cross sectional study which was conducted in Siriraj Hos-
pital, Thailand considering all hospitalized patients who had
positive culture for enterobacteriaceae, P. aeruginosa and A.
baumannii during February to May 2012 revealed 48.8% of
prevalence in overall MDR gram-negative bacteria. The per-
centage of MDR organism was 37.8% for ESBL producing
enterobacteriaceae, 39.3% for carbapenem-resistant P. aerugi-
nosa and 88.7% for MDR A. baumannii [27]. Our figures are
somewhat higher than this study, which included patients
from all units. The emergence of MDR Gram negatives in
the ICUs is a major concern and needs urgent interventions
in a country wide scale. As a number of genetic determinants
of resistance can occur within the same mobile genetic ele-
ments (MGE), it would be interesting to identify the possible
MGEs in our isolates.
The RAPD analysis of the four types of organisms studied

revealed that in all types, a predominant cluster could be
identified, rather than multiple clusters or singletons. This
hints towards a possible within unit transfer of organisms
rather than multiple acquisitions from outside environ-
ments. Similarly, graphical representations of the duration
of hospitalization among the patients also demonstrate that
there is overlap among the stay of patients carrying similar
organisms belonging to given RAPD clusters as well as
sporadic introduction of other cluster. Environment could
be a potential source for the spread of the same cluster
between patients who did not have an overlapping stay.

These highlight the importance of adhering to proper infec-
tion control protocols within infection care units. Further
analysis of isolates for a longer period of time would enable
a time-series analysis of the different clusters.
While RAPD is a simple typing method, a typing

method with more resolution might have given a better
resolution that may have enabled a better differentiation
of the strains. Performing a typing method such as
MLST on selected RAPD clusters would strengthen the
current results. However, the ability to perform RAPD in
a relatively cost effective manner and the ability to
analyze the fingerprint data using a free software that is
easy to use with a graphical user interface, demonstrates
that this method could be used in low cost settings.
RAPD has also been integrated successfully in infection
control programmes elsewhere [28].
There were several limitations in the current study. Our

study was performed in a single center over a relatively
shorter period. Therefore, time trends in resistance cannot
be assessed. We also did not differentiate colonizing
agents from agents causing infections. Genetic determi-
nants of resistance was identified only among the entero-
bacteriaceae and only for ESBL production. Further
studies need to look in to carbapenamase producers as
well. The sensitivities were conducted using disc
diffusion testing and minimum inhibitory concentra-
tions (MICs) were not performed. Furthermore, we
included isolates from respiratory specimen only. We
also did not analyze the details in relation to the
underlying conditions warranting ICU admissions.

Length of hospitalization 

Cluster 1   Cluster 2 Cluster 3 * Each bar represents the duration of hospitalization of the patient with the given isolate
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Fig. 8 Timeline of ICU stay in patients with Acinetobacter spp
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However, by using RAPD and hospitalization time-
lines, we could demonstrate the possible linkage of
organisms included in the study.

Conclusions
In conclusion, simple RAPD based typing followed by
graphical analysis of hospitalization data can be used to
identify trends in the presence and spread of resistance
organisms in a cost effective manner. Data obtained in
this manner could be a more convincing tool to per-
suade health-care staff to adhere to infection control
protocols. Such surveillance could be made an integral
part of the infection control programmes and could be
used in possible outbreak situations to evaluate the
spread and effectiveness of control measures.

Abbreviations
ESBL: Extended spectrum β lactamases; HAI: Healthcare Associated Infections;
ICU: Intensive Care Unit; MDR: Multi drug resistance; MHT: Modified Hodge
test; RAPD: Random amplification of polymorphic DNA

Acknowledgements
Dr. Thanuja Jayathilaka is acknowledged for helping with gathering clinical
data.

Funding
None.

Availability of data and materials
Data can be obtained from the corresponding author on reasonable request.

Authors’ contributions
KT – microbiology and molecular biology lab work, data entry, data analysis,
drafting and final approval of paper. VL – conception of the study, molecular
biological lab work, data analysis and write up. ND – study design, sample
collection, microbiological lab work, data analysis and final approval of
paper. VP – study design, data analysis, drafting of paper and final approval
of paper. AE – sample collection, microbiological lab work, data entery, final
approval of paper. MT – study design, sample collection, data entry and final
approval of paper. DA – molecular biological lab work, data analysis and final
approval of paper. DN – sample collection, microbiological and molecular
biological lab work, final approval of paper. All authors read and approved
the final manuscript.

Ethics approval and consent to participate
Ethical clearance was obtained from the institutional ethical review
committee, Faculty of Medicine, University of Peradeniua.

Consent for publications
All authors have given consent for this publication.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Postgraduate Institute of Science, University of Peradeniya, Peradeniya, Sri
Lanka. 2Department of Microbiology, Faculty of Medicine, University of
Peradeniya, Peradeniya, Sri Lanka. 3Department of Anaesthesiology and
Critical Care, Faculty of Medicine, University of Peradeniya, Peradeniya, Sri
Lanka. 4Faculty of Allied Health Sciences, University of Peradeniya,
Peradeniya, Sri Lanka.

Received: 21 April 2017 Accepted: 3 July 2017

References
1. Holmes AH, Moore LS, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, Guerin

PJ, Piddock LJ. Understanding the mechanisms and drivers of antimicrobial
resistance. Lancet 2016 Jan 9; 387(10014):176–187. doi:10.1016/S0140-
6736(15)00473-0.Review. PubMed PMID: 26603922.

2. Barlam TF, Gupta K. Antibiotic resistance spreads internationally across
Borders. J Law Med Ethics 2015 Summer; 43 Suppl 3:12–16. doi: 10.1111/
jlme.12268. PubMed PMID: 26243237.

3. WHO. Global priority list of antibiotic resistant bacteria to guide research,
discovery and development of new antibiotics 27th Feb 2017. Available at
http://www.who.int/medicines/publications/global-priority-list-antibiotic-
resistant-bacteria/en/. Accessed on 13 March 2017.

4. Erdem H, Inan A, Altındis S, Carevic B, Askarian M, Cottle L, Beovic B, Csomos A,
Metodiev K, Ahmetagic S, Harxhi A, Raka L, Grozdanovski K, Nechifor M, Alp E,
Bozkurt F, Hosoglu S, Balik I, Yilmaz G, Jereb M, Moradi F, Petrov N, Kaya S,
Koksal I, Aslan T, Elaldi N, Akkoyunlu Y, Moravveji SA, Csato G, Szedlak B,
Akata F, Oncu S, Grgic S, Cosic G, Stefanov C, Farrokhnia M, Müller M, Luca C,
Koluder N, Korten V, Platikanov V, Ivanova P, Soltanipour S, Vakili M, Farahangiz S,
Afkhamzadeh A, Beeching N, Ahmed SS, Cami A, Shiraly R, Jazbec A, Mirkovic T,
Leblebicioglu H, Naber K. Surveillance, control and management of infections
in intensive care units in Southern Europe, Turkey and Iran–a
prospective multicenter point prevalence study. J Infect. 2014 Feb;68(2):
131–40. doi:10.1016/j.jinf.2013.11.001. PubMed PMID: 24269951

5. Jayatilake SK, Patabendige G, Karunarathne GKD, Perera J, Perera RRDP,
Wijesooriya WRPL, Sunil Chandra NP, Kottahachchi J, Athukorala D, Dissanayake T,
Dissanyake M. Analysis of data of urine culture isolates of 2014 sent from seven
laboratories of National Laboratory Based Surveillance of Sri Lanka College of
Microbiologists. Sri Lanka Coll Microbiol Bull. 2015;13:13–4.

6. Sanjeewani HAD, Dassanayake M, Chandrasiri P, Corea E, Ranasinghe AWIP.
The prevalence of carbapenemase producing Enterobacteriaceae isolated in two
selected teaching hospitals in Sri Lanka. Sri Lanka Coll Microbiol Bull. 2013;11:11–2.

7. Abeydeera WPH, Patabendige CGUA. Epidemiology of ventilator associated
pneumonia caused by Acinetobacter species and their antibiotic
susceptibility patterns in different intensive care units at National Hospital of
Sri Lanka. Sri Lanka Coll Microbiol Bull. 2015;13:10–1.

8. Nakkawita WMID. Incidents of ventilator associated pneumonia in two
intensive care units and a high dependency unit at National Hospital of
Sri Lanka. Sri Lanka Coll Microbiol Bull. 2015;13:9–10.

9. Lewkebandara RH, Vidanagama DS, Nagahawatta A. The incidence of
hospital acquired infections among ICU patients at a tertiary Care Hospital
in Southern Province of Sri Lanka. Sri Lanka Coll Microbiol Bull. 2013;11:11–2.

10. ARSP Working Group, The Sri Lanka College of Microbiologists. A multi centre
laboratory study of gram negative bacterial blood stream infections in Sri Lanka.
Ceylon Med J. 2013 Jun;58(2):56–61. doi:10.4038/cmj.v58i2.5680. PubMed PMID:
23817934

11. Storr J, Twyman A, Zingg W, Damani N, Kilpatrick C, Reilly J, Price L,
Egger M, Grayson ML, Kelley E, Allegranzi B; WHO Guidelines Development
Group. Core components for effective infection prevention and control
programmes: new WHO evidence-based recommendations. Antimicrob
Resist Infect Control. 2017 Jan10;6:6. doi: 10.1186/s13756-016-0149-9.
PubMed PMID: 28078082; PubMed Central PMCID: PMC5223492.

12. Gastmeier P, Geffers C, Brandt C, Zuschneid I, Sohr D, Schwab F, Behnke M,
Daschner F, Rüden H. Effectiveness of a nationwide nosocomial infection
surveillance system for reducing nosocomial infections. J Hosp Infect. 2006
Sep;64(1):16–22. PubMed PMID: 16820247

13. CLSI. Performance Standards for Antimicrobial Susceptibility Testing:Twenty-
Sixth Informational Supplement. Clin Lab Stand Inst 2016. M100S.

14. Monstein HJ, Ostholm-Balkhed A, Nilsson MV, Nilsson M, Dornbusch K, Nilsson LE.
Multiplex PCR amplification assay for the detection of blaSHV, blaTEM and
blaCTX-M genes in Enterobacteriaceae. APMIS. 2007 Dec;115(12):1400–8. doi:10.
1111/j.1600-0463.2007.00722.x. PubMed PMID: 18184411

15. Barbarini D, Russello G, Brovarone F, Capatti C, Colla R, Perilli M, Moro ML,
Carretto E. Evaluation of carbapenem-resistant Enterobacteriaceae in an
Italian setting: report from the trench. Infect Genet Evol. 2015 Mar;30:8–14.
doi:10.1016/j.meegid.2014.11.025. PubMed PMID: 25444940

16. Lanini S, D'Arezzo S, Puro V, Martini L, Imperi F, Piselli P, Montanaro M,
Paoletti S, Visca P, Ippolito G. Molecular epidemiology of a Pseudomonas
Aeruginosa hospital outbreak driven by a contaminated disinfectant-soap

Tissera et al. BMC Infectious Diseases  (2017) 17:490 Page 9 of 10

http://dx.doi.org/10.1016/S0140-6736(15)00473-0.Review
http://dx.doi.org/10.1016/S0140-6736(15)00473-0.Review
http://dx.doi.org/10.1111/jlme.12268
http://dx.doi.org/10.1111/jlme.12268
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://dx.doi.org/10.1016/j.jinf.2013.11.001
http://dx.doi.org/10.4038/cmj.v58i2.5680
http://dx.doi.org/10.1186/s13756-016-0149-9
http://dx.doi.org/10.1111/j.1600-0463.2007.00722.x
http://dx.doi.org/10.1111/j.1600-0463.2007.00722.x
http://dx.doi.org/10.1016/j.meegid.2014.11.025


dispenser. PLoS One. 2011 Feb 16;6(2):e17064. doi:10.1371/journal.pone.
0017064. PubMed PMID: 21359222; PubMed Central PMCID: PMC3040201

17. Heras J, Domínguez C, Mata E, Pascual V, Lozano C, Torres C, Zarazaga M.
GelJ–a tool for analyzing DNA fingerprint gel images. BMC Bioinformatics.
2015 Aug 26;16:270. doi: 10.1186/s12859-015-0703-0. PubMed PMID:
26307353; PubMedCentral PMCID: PMC4549892.

18. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG,
Harbarth S, Hindler JF, Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice LB,
Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet DL. Multidrug-
resistant, extensively drug-resistant and pandrug-resistant bacteria: an
international expert proposal for interim standard definitions for acquired
resistance. Clin Microbiol Infect 2012 Mar; 18(3):268–281. doi: 10.1111/j.
1469-0691.2011.03570.x. PubMed PMID: 21793988.

19. Tillekeratne LG, Vidanagama D, Tippalagama R, Lewkebandara R, Joyce M,
Nicholson BP, Nagahawatte A, Bodinayake CK, De Silva AD, Woods CW.
Extended-spectrum ß-lactamase-producing Enterobacteriaceae as a
common cause of urinary tract infections in Sri Lanka. Infect Chemother
2016 Sep; 48(3):160–165. doi: 10.3947/ic.2016.48.3.160. PubMed PMID:
27704730; PubMed Central PMCID:PMC5047996.

20. Singh AK, Jain S, Kumar D, Singh RP, Bhatt H. Antimicrobial susceptibility
pattern of extended-spectrum beta- lactamase producing Klebsiella
pneumoniae clinical isolates in an Indian tertiary hospital. J Res Pharm Pract.
2015 Jul-Sep;4(3):153–9. doi: 10.4103/2279-042X.162363. PubMed PMID:
26312255; PubMed Central PMCID: PMC4548435.

21. Singh N, Pattnaik D, Neogi DK, Jena J, Mallick B. Prevalence of ESBL in
Escherichia Coli isolates among ICU patients in a tertiary care hospital.
J Clin Diagn Res 2016 Sep; 10(9):DC19-DC22. PubMed PMID: 27790433;
PubMed Central PMCID: PMC5071933.

22. Hall JM, Corea E, Sanjeewani HD, Inglis TJ. Molecular mechanisms of β-
lactam resistance in carbapenemase-producing Klebsiella Pneumoniae from
Sri Lanka. J Med Microbiol 2014 Aug; 63(Pt 8):1087–1092. doi: 10.1099/jmm.
0.076760-0. PubMed PMID:24855071.

23. Sid Ahmed MA, Bansal D, Acharya A, Elmi AA, Hamid JM, Sid Ahmed AM,
Chandra P, Ibrahim E, Sultan AA, Doiphode S, Bilal NE, Deshmukh A.
Antimicrobial susceptibility and molecular epidemiology of extended-
spectrum beta-lactamase-producing Enterobacteriaceae from intensive care
units at Hamad Medical Corporation, Qatar Antimicrob Resist Infect Control
2016 Feb 9; 5:4. doi: 10.1186/s13756-016-0103-x. PubMed PMID: 26865975;
PubMed Central PMCID:PMC4748476.

24. Phu VD, Wertheim HF, Larsson M, Nadjm B, Dinh QD, Nilsson LE, Rydell U,
Le TT, Trinh SH, Pham HM, Tran CT, Doan HT, Tran NT, Le ND, Huynh NV,
Tran TP, Tran BD, Nguyen ST, Pham TT, Dang TQ, Nguyen CV, Lam YM,
Thwaites G, Van Nguyen K, Hanberger H. Burden of hospital acquired
infections and antimicrobial use in Vietnamese adult intensive care units.
PLoS One 2016 Jan 29; 11(1):e0147544. doi: 10.1371/journal.pone.0147544.
PubMed PMID: 26824228; PubMed Central PMCID: PMC4732823.

25. Robinson J. Colonization and infection of the respiratory tract: What do we
know? Paediatr Child Health. 2004 Jan;9(1):21–4. PubMed PMID: 19654976;
PubMedCentral PMCID: PMC2719511.

26. Latibeaudiere R, Rosa R, Laowansiri P, Arheart K, Namias N, Munoz-Price LS.
Surveillance cultures growing carbapenem-resistant Acinetobacter
Baumannii predict the development of clinical infections: a retrospective
cohort study. Clin Infect Dis 2015 Feb 1; 60(3):415–422. doi: 10.1093/cid/
ciu847. PubMed PMID:25352586.

27. Chaisathaphol T, Chayakulkeeree M. Epidemiology of infections caused by
multidrug-resistant gram-negative bacteria in adult hospitalized patients at
Siriraj hospital. J Med Assoc Thail 2014 Mar; 97 Suppl 3:S35–S45.
PubMed PMID:24772579.

28. De Vos D, Lim A Jr, Pirnay JP, Duinslaeger L, Revets H, Vanderkelen A,
Hamers R, Cornelis P. Analysis of epidemic Pseudomonas Aeruginosa
isolates by isoelectric focusing of pyoverdine and RAPD-PCR: modern tools
for an integrated anti-nosocomial infection strategy in burn wound centres.
Burns 1997 Aug; 23(5):379–386. PubMed PMID: 9426906.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Tissera et al. BMC Infectious Diseases  (2017) 17:490 Page 10 of 10

http://dx.doi.org/10.1371/journal.pone.0017064
http://dx.doi.org/10.1371/journal.pone.0017064
http://dx.doi.org/10.1186/s12859-015-0703-0
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.1111/j.1469-0691.2011.03570.x
http://dx.doi.org/10.3947/ic.2016.48.3.160
http://dx.doi.org/10.4103/2279-042X.162363
http://dx.doi.org/10.1099/jmm.0.076760-0
http://dx.doi.org/10.1099/jmm.0.076760-0
http://dx.doi.org/10.1186/s13756-016-0103-x
http://dx.doi.org/10.1371/journal.pone.0147544
http://dx.doi.org/10.1093/cid/ciu847
http://dx.doi.org/10.1093/cid/ciu847

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	E. coli isolates
	K. pneumoniae isolates
	P. aeruginosa isolates
	Acinetobacter isolates

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publications
	Competing interests
	Publisher’s Note
	Author details
	References

