
Abstract 

Klebsiella pneumoniae carbapenemase producing bacteria are
defined as a group of Gram-negative bacilli that are highly resis-
tant to drugs. The resistance of pathogens of the
Enterobacteriaceae family to β-lactam antibiotics such as car-
bapenems is considered a major threat in the medical field. The
main aim of the current study was to explore and confirm the
occurrence of carbapenemase producing K. pneumoniae in the
Intensive Care Unit (ICU) in different hospital environment sam-
ple sites of two Egyptian hospitals in Cairo. Isolates were collect-
ed and the screening criteria of carbapenemase producing bacteria

was followed by the investigators in order to record the antimicro-
bial resistance patterns of all isolates in addition to the molecular
identification using the 16S rDNA.

This study determined the sites responsible for the spreading
of carbapenem-resistant K. pneumoniae including suction tubes,
ventilator tubes, instrument tables and beds. All K. pneumoniae
isolates collected from the ICU of both hospitals were resistant to
oxacillin, meropenem and ceftazidime. Moreover, 16S rDNA gene
sequence was used to study bacterial phylogeny and taxonomy for
all K. pneumoniae isolates; the accession number of all isolates is
reported. We concluded that infection control department policies
in each hospital should be reinforced to avoid the escalation of K.
pneumoniae as nosocomial infections in hospitals. This study
should be repeated in other hospitals (especially the public hospi-
tals) to assess the level of the problem.

Introduction

Klebsiella pneumoniae carbapenemase (KPC) producing bac-
teria is a group of Gram-negative bacilli that are highly resistant to
drugs and cause lethal infections and illnesses.1,2 Their first isola-
tion was in the north-eastern part of the United States. The first
detection of KPC took place more than ten years ago.3 The infec-
tions that are caused by the KPC producing bacteria are a serious
problem discussed all over the world.4 The incidence of KPC is
increasing at a worrisome rate due to variable reasons since the
treatment of these infections is very challenging due to limited
options of antibiotics that fight these bacteria.5,6 Moreover, these
infections are associated with higher mortality rate, long hospital
stay duration, and an increasing cost of hospital care.7 Despite the
fact that they are not the only carbapenem resistant bacteria, KPCs
require a unique mechanism of detection other than the routine sus-
ceptibility screening which proved to be insufficient for the detec-
tion of KPCs.8 The efficiency of carbapenems lies in their ability to
treat infections that are caused by multi-drug resistant Gram-nega-
tive bacteria. These therapeutic agents, however, are constrained by
the emergence of resistant isolates, which affect their efficacy to
treat these infections. When isolates produce extended-spectrum β-
lactamases (ESBLs), carbapenems are used in hospitals to treat
infections caused by K. pneumoniae. Resistance to carbapenems is
still infrequent in Enterobacteriaceae even though it is common
among Gram-negative non-fermenting bacteria.9 The detection of
carbapenem-resistant K. pneumoniae is aggregating in different
areas all over the world in which carbapenem resistance is mainly
caused by KPC enzymes or where metallo-β-lactamases (MBLs)
dominate.10-12 According to Livermore, MBLs of the VIM type are
more common among nonfermenting gram-negative bacteria.13

Recently, studies have confirmed the diffusion of VIM-type MBLs
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in members of the family Enterobacteriaceae.14 This explains the
continuing spread of these resistance determinants among
pathogens with higher contamination.15 This is the first prospec-
tive study in Egypt that examines the environmental contributions
rather than patients. This study will not tackle isolates collected
from patients since this point has sufficiently been addressed in
previous studies conducted in Egypt and other countries. The
study, however, focuses on inanimate environmental sites in
Intensive Care Units (ICUs) as another source of nosocomial
infection. The main aim of the current study is to explore and con-
firm the occurrence of carbapenemase producing K. pneumoniae in
the ICU’s of hospital environment sample sites of two Egyptian
hospitals in Cairo. At the end of the study, the investigators will
determine the sites responsible for the spreading of spreading of
carbapenem-resistant K. pneumoniae.

Materials and Methods

Sample collection
Samples were collected from the ICU of two hospitals which

will be referred to as N and Z for confidentiality; the two letters N
and Z are the initials of the hospital names. The two hospitals are
located in Cairo, Egypt. The ICU of hospital N has four different
rooms: the main ICU, medical surgical, the extension and the
source isolation room, in addition to the instrument store that
includes all instruments and tools used when needed. Triplicate
swabs were collected from each compartment of the rooms and
stores mentioned above including: air conditioning, walls next to
patients’ beds, drug cabinets, sink tabs, windows, ICU doors (front
and back), patients’ beds, air suctions, curtains, under bed floor,
surface of the located instruments, switches, patients’ file trays,
nurses clothing, patients clothing, located table contaminated by
dry blood, laundry patients clothing boxes, instruments’ trays and
food tables. Swabs were also collected from suction tubes, ventila-
tor tubes, oxygen instrument holder, ventilator tubes that are
attached to patients, area located around the ventilator, nasal tubes
attached to patients, nasal tubes, tubes attached to dialysis, air bed-
ding of patients beds, patients tongue depressor, and vacuum hole
as well as oxygen hole located on the wall. The ICU of hospital Z
has only the ICU of internal medicine. Triplicate swabs were col-
lected from different hospital environment sample sites including
washed suction tube, covers and tubes suction used internally for
patients, nasal secretion from suction, blood contaminated suction,
ventilator surface area, rubbish bin cupboard, oxygen holder
attached to a patient, the wall of suction tube, counters, taps and
sinks, ambo connected to patients, curtains, shelves of a cupboard,
solutions tray, below the sink, syringes holder, patients beds, used
syringes bins, file desks, ventilator tubes connected to patient, win-
dows, curtains with dry blood, ultrasonic gel containers, the water
of ventilator and the steel parts of beds.

Microbiological studies
The collected swabs were transferred immediately to the lab

for isolation and purification of K. pneumoniae. For isolation of
the microorganism, Oxoid MacConkey agar plates (Oxoid LTD,
Basingstoke, Hampshire, England) were used; the pink mucoid
colonies were purified on MacConkey agar plates. For the identi-
fication of the pure suspected K. pneumoniae, chromagar KPC
media (CHROMagar Paris-France) was used that gives metallic
blue colonies. The suspected K. pneumoniae isolates underwent

urease activity, motility test, growth on citrate agar medium,
growth on triple sugar iron, methyl red test, and growth on SIM
medium (Tryptone 20.0 gm/L, Peptone 6.1gm/L, Ferrous ammoni-
um sulphate 0.2 gm/L, Sodium thiosulphate 0.2 gm/L, Agar 3.5
gm/L), in addition to nitrate reduction test. For final confirmation,
API 20E test (BIOMERIEUX, Marcy l’Etoile, France) was used
and resulted in the identification of 13 specimens of KPC.

Antimicrobial susceptibility testing
Susceptibility testing was performed using disk diffusion

method on Muller-Hinton agar plate (Oxoid LTD, Basingstoke,
Hampshire, England) with the antibiotic discs according to
Clinical and Laboratory Standards Institute guidelines. Antibiotics
tested comprise: imipenem (10µg), meropenem (10µg), tigecy-
cline (15µg), oxacillin (1µg), sulphamethoxazole trimethoprime
(25µg), chloramphenicol (10µg) (from Oxoid), and ceftazidime
(30µg), gentamicine (30µg) (from Bioanalysis).

Identification of the bacterial isolate 16S rDNA
The selected bacterial isolates were identified using 16S rDNA

sequencing as molecular tools. Genomic DNA from each of the
bacterial colonies was isolated as described by Sambrook et al.16

Amplification of the 16S rDNA region from the extracted DNA of
bacterial isolates was performed using polymerase chain reaction
(PCR), oligonucleotide primers pair, 27F 5´-
AGAGTTTGATCMTGGCTCAG -3´and 1492R 5´-CGGTTAC-
CTTGTTACGACTT-3´. Each reaction contains 14.5 μL of deion-
ized sterile water, 2.5 μL of buffer 10X, 1 μL of MgCl2 (50 mM),
0.5 μL of dNTP´s (20mM), 2 μL of each primer (10 pM), 0.5 μL of
Taq polymerase (5U/mL) and 2 μL of sample DNA. PCR amplifi-
cation was carried out under the following conditions: initial
denaturation 94°C for 5 min followed by 35 cycles of denaturation
at 94°C for 1 minute, annealing 65°C for 1 minute and elongation
at 72°C for 1 minute and final extension at 72°C for 7 min. The
amplified products were separated by electrophoresis on 1.0%
agarose gel stained with ethidium bromide (0.5 μg/mL) and was
visualized on UV gel documentation system (BioRad, USA). PCR
products were purified from unincorporated PCR primers and
dNTPs using QIAquick PCR Purification Kit (Qiagen,
Netherlands), following the manufacturer’s instructions. The 16S
rDNA reference sequences were BLAST searched on the National
Center for Biotechnology Information (NCBI) database and com-
pared with the obtained sequence on the Sequence® Software.
Sequencing runs were performed at LGC Genomics GmbH on a
3730xl DNA Analyzer (Applied BiosystemsTM/Thermo Fisher
Scientific). DNA sequences obtained in this study were submitted
to the NCBI database (accession No. MG461513- MG461525).

Sequence alignments and phylogenetic analysis
After PCR purification, the nucleotide sequences of the 13

specimens confirmed through the above-mentioned microbiologi-
cal tests were sequenced in both directions. The obtained
sequences from our specimens as well as the sequences download-
ed from GenBank for other strains of the same species, all were
initially aligned with CLUSTAL Omega method. The aligned
sequences were saved as fasta files that have been used as a matrix
to estimate the phylogeny of the entire alignments by constructing
Neighbor-Joining (NJ) tree in MEGA 7 Software.17 The phyloge-
netic tree was constructed and performed with 1000 bootstrap
replications to evaluate the reliability of the constructions. The
evolutionary distances were computed using the p-distance method
and are in the units of the number of base differences per site. The
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analysis involved 18 nucleotide sequences. Codon positions
included were 1st+2nd+3rd+Noncoding. All positions containing
gaps and missing data were eliminated.

Results

From all the biochemical tests mentioned above 13 isolates of
K. pneumoniae were confirmed. Among them seven isolates (54%)
were collected from hospital N and six (46%) from hospital Z. K.
pneumoniae from hospital N were isolated only from the main ICU
and the source isolation room of hospital environment sample sites
including instrument’s table, ventilator tube, food table, patient’s
bed from the main ICU, while K. pneumoniae were collected from
the source isolation room from suction tube, oxygen tube holder
and patient tongue depressor.

On the other hand, the isolates collected from ICU hospital
environment sample sites of hospital Z were two isolates from the
suction tubes, and one isolate from the surface of the suction, ven-
tilator tube, patient’s bed and the suction mask.

The thirteen K. pneumoniae isolates collected from the hospital

environment sample sites of the ICU of both hospitals were resistant
to oxacillin, meropenem and ceftazidime. Nine isolates (69%) were
resistant to chloramphenicol and sulphamethoxazole trimethoprim,
and four isolates (31%) collected from the ventilator tube, the two
suction tubes and suction surface of the ICU of hospital Z were sen-
sitive to both antibiotics. Six isolates (46%) were resistant to gen-
tamicin, while seven (54%) were resistant and were isolated from
instrument’s tables of the ICU of hospital N, and from the suction
tube and its surface. It is worth noting that 11 isolates (85%) were
sensitive to imipenem and tigecycline as shown in Tables 1 and 2. A
total of 85% of K. pneumoniae isolates were ESBL producers.

Previous studies suggested that 16S rDNA sequencing is con-
sidered an accurate method for species identification and distin-
guishing between closely related bacterial species. The selected
isolates were further analyzed by 16S rDNA sequencing and sub-
mitted to GenBank with the accession numbers MG461513,
MG461514, MG461515, MG461516, MG461517, MG461518,
MG461519, MG461520, MG461521, MG461522, MG461523,
MG461524 and MG461525. The phylogenetic analyses of their
16S rDNA sequences according to the available data are summa-
rized in Table 3 and Figure 1.
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Table 1. Antibacterial susceptibility test for Klebsiella pneumoniae isolates. Average diameter was taken for each inhibition zone.

Klebsiella                                                                                                Inhibition Zone (mm)
pneumoniae                                                                                               Antibiotic Agents
Isolates                 Chloramphenicol    Sulphamethoxazole    Oxacillin    Gentamicin   Ceftazidime  Tigecycline   Meropenem   Imipenem
and Codes                     (30 µg)                  trimethoprim            (1 µg)         (10 µg)          (30 µg)         (15 µg)          (10 µg)         (10 µg)
                                                                          (25 µg)

1 (N1a)                                           -                                            -                                    -                       15.5                         -                          11                          -                        21.5
2 (N1b)                                           -                                           22                                  -                          -                            -                           9                            -                           -
3 (N1a’)                                          -                                            -                                    -                          -                            -                          12                          -                         12
4 (N1c)                                           -                                            -                                    -                          -                            -                           9                            -                          9
5 (N2d)                                           -                                            -                                    -                          -                            -                          10                          -                         12
6 (N2e)                                           -                                            -                                    -                        17                           -                          12                          -                        24.5
7 (N2f)                                            -                                            -                                    -                          -                            -                          11                          -                        13.5
8 (Z1d)                                         14.5                                        16                                  -                       16.5                         -                          11                          -                         23
9 (Z1d’)                                         20                                        18.5                                 -                        17                           -                          11                          -                         25
10 (Z1d’’)                                      21                                           -                                    -                        16                           -                          10                          -                        25.5
11 (Z1b’)                                        -                                            -                                    -                          -                            -                         10.5                         -                         8.5
12 (Z1c’)                                         -                                            -                                    -                       11.5                         -                           -                            -                         2.2
13 (Z1d’’’)                                     22                                        15.5                                 -                          -                            -                         10.5                         -                           -

Table 2. Interpretation of the in vitro antibiotic susceptibility test results.

Antibiotic Agent                           Disc Concentration    Susceptible (S)(mm)   Susceptible-dose dependent (mm)   Resistant (R) (mm)

Impenem                                                                     10 µg                                          ≥18                                                          15-17                                                        ≤14
Meropenem                                                                10 µg                                          ≥16                                                          14-15                                                        ≤13
Tigecycline                                                                  15 µg                                          ≥19                                                           9-12                                                      ≤0.002
Ceftazidime                                                                 30 µg                                          ≥18                                                          15-17                                                        ≤14
Gentamycin                                                                 10 µg                                          ≥15                                                          13-14                                                        ≤12
Oxacillin                                                                        1 µg                                           ≥15                                                             14                                                           ≤13
Sulphamethoxazole trimethoprime                      25 µg                                          ≥16                                                          11-15                                                        ≤10
Chloramphenicol                                                        30µg                                          ≥18                                                          13-17                                                        ≤12
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Phylogenetic analysis
Phylogenetic relationships based on the aligned 16S sequences

were performed to analyse the genetic divergence among K. pneu-
moniae investigated in this study. NJ tree constructed showed four
major distinguished clades (Figure 2).

MG461514.1, MG461515.1, MG461516.1, MG461518.1 and
MG46153.1 from K. pneumoniae, fall in one clade with
KR269806.1, KU724411.1 and MG551533.1. There was no
sequence difference enough to separate them.

MG551533.1, MG461521.1 and MG461513.1 form a mono-
phyletic group as G551533.1 have common ancestor relationship
with MG461521.1 and MG461513.1, which both are sister groups
to each other. The same was shown with KX170832.1 that has
common ancestor relationship with MG461524.1 and
MG461522.1, both are sister groups to each other. Finally,
MG461520.1, MG461519.1, MG461517.1 and MG461525.1
formed a single clade.

Discussion

This study tackles the hospital environment sample sites in the
ICU of two hospitals in the city of Cairo. Previous literature col-
lected samples from patients in the ICU; this study, however, is the
first in the Middle East and North Africa region to focus on inani-
mate hospital environment sample sites instead of patients. As
microbiologists, our main goal was to isolate K. pneumoniae car-
bapenemase, which have high resistance to antimicrobial drugs.
This resistance is rapidly increasing in comparison with the devel-
opment of antimicrobial drugs, which is slow-paced. Resistant
bacteria are a major threat to the economy of the country as well as
our healthcare sectors.18,19 In the healthcare setting, Carbapenem-
resistant (CRE) organisms are major infectious agents and are
believed to cause high rates of mortality amongst critical cases in
hospitals and patients who are hospitalized for a long period and
are exposed to dangerously severe procedures.20 The results of the
current study reveal that K. pneumoniae was found and isolated
from various ICU hospital environment sample sites including

ventilator tubes, oxygen holders, beds, the suction tube and even
instrument tables. The phylogenetic analysis of 16S rDNA, as
shown in the results section of this study, helped identify and clas-
sify K. pneumoniae. It is worth noting that it could be used to con-
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Table 3. GenBank accession number(s) for 16S Klebsiella pneumoniae isolates nucleotide sequence(s).

Isolates accession number and their sequence similarities based on 16SrDNA
Isolates (Sequence ID)               Accession number                                        Source                                            99% similarity strains

N1a                                                                           MG461513                                         Hospital (1) (instrument table)                        Klebsiella pneumoniae strain F3-1-28
N1b                                                                           MG461514                                          Hospital (1) (ventillator tube)                              K. pneumoniae strain QS17-0161
N1a1                                                                         MG461515                                Hospital (1) (instrument and food table)                      K. pneumoniae isolate AHII-3
N1c                                                                           MG461516                                              Hospital (1) (patient bed)                                      K. pneumoniae strain 309-8
N2d                                                                           MG461517                                             Hospital (1) (suction tube)                                    K. pneumoniae strain Amlc1
N2e                                                                           MG461518                                        Hospital (1) (tongue depressor)                           K. pneumoniae strain QS17-0161
N2f                                                                           MG461519                                             Hospital (1) (oxygen mask)                                     K. pneumoniae strain 309-8
Z1d                                                                           MG461520                                             Hospital (2) (suction tube)                                K. pneumoniae strain QS17-0161
Z1d1                                                                         MG461521                                             Hospital (2) (suction tube)                                   K. pneumoniae strain KUPH5
Z1d2                                                                         MG461522                                          Hospital (2) (suction surface)                                  K. pneumoniae strain 309-8
Z1c1                                                                         MG461523                                              Hospital (2) (patient bed)                               K. pneumoniae strain ATCC 700603
Z1d3                                                                         MG461524                                            Hospital (2) (suction mask)                          K. pneumoniae strain ICAR-CIFRI AM6
Z1d4                                                                         MG461525                                            Hospital (2) (suction mask)                                    K. pneumoniae strain 309-8

Figure 1. Agarose gel electrophoresis of Amplified polymerase chain
reaction products for 16S amplicons from 13 bacterial isolates on
1.0% agarose gel stained with ethidium bromide. M 1 kb ladder.

Figure 2. The phylogenetic tree of Klebsiella pneumoniae isolates.
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firm subsp. Pneumonia, but could not separate other subspecies of
K. pneumoniae completely.21

Previous studies also revealed similar existence in humidifiers
of incubators, biofilms, sinks, sewage systems, surfaces such as
beds, fabrics including linen, curtains and pillows, computer key-
boards and hospital food utensils.22-26 Gram negative bacteria are
mostly found in humid and moist settings. So they are typically
found in liquid soap, pools, water fountains, infusion pumps,
cleaning mops and respiratory equipment.27,28 Yet, a systematic
examination of inanimate surfaces revealed that Gram-negative
species, such as Acinetobacter spp., and Klebsiella spp, have the
ability to survive on inanimate and dry surfaces for a long period
of time (for months).29

Conversely, according to Weber et al., less than 15% of CRE
found on immunized surfaces in patient rooms can survive for 24
hours and with low levels of contamination (5.1 cfu/120 cm2).30,31

However, more studies are needed to generalize the findings of the
previous study to be able to conclude that the risk of the transmis-
sion of CRE from environmental surfaces is comparatively low.
Additionally, the transmission of CRE from all types of surfaces
should be considered in future studies.32

The present study shows that 100% of K. pneumoniae isolates
were resistant to oxacillin, meropenem and ceftazidime. Similar
results were found in other studies which also indicated that Multi
Drug Resistant (MDR) organisms have been found in several cases
in ICU settings.2 Appropriate infection control strategies have been
implemented in many ICUs where MDR organisms have been iso-
lated, as well as standard infection control practices including hand
hygiene before and after unit entry as well as routine disinfection
and cleaning techniques and strategies such as sterile techniques
when inserting the catheters and maintaining unhindered urine
drainage.33,34 In some healthcare centres, it is advisable to use peri-
odic screening surveillance cultures to detect resistant pathogens in
the ICU.35 In addition to the hygienic sanitary facilities such as
rimless toilets, appropriate sink and faucet design such as sloped
angles to reduce splashing. Moreover, a self-disinfecting sink has
proven to be successful at reducing the K. pneumoniae bioburden
in an intensive care unit, as well standardizing the capacity of ICUs
(two beds per room) and allocating space for personal belongings,
also avoiding storage areas beneath sinks.36 Utilizing materials and
devices that are easy to sanitize or disinfect will help prevent
biofilm formation. Finally, maintaining good quality of water sup-
ply in hospitals through appropriate levels of chlorination and
checking the quality of water microbiologically using accurate
measures are very essential. The negative economic and clinical
consequences of the increase of antimicrobial resistance necessi-
tate the prevention of the spread of that resistance. It is associated
with high rates of morbidity and mortality. The use of bundles
which are evidence-based interventions used for certain patients is
recommended in order to enhance patients’ outcomes and prevent
multidrug resistance.

Conclusions

K. pneumoniae isolates which have been collected in the cur-
rent study reveal that appropriate measures and important strate-
gies have not been followed. These strategies include monitoring,
recording, reporting and evaluating the existence of multidrug
resistance. Furthermore, the study showed that infection control
guidelines, rapid diagnosis, and quick transmission of date on
patient history were not executed by healthcare personnel. More

guidance and training should be given to hospital or healthcare per-
sonnel on safe decontamination practices, cleaning protocols,
avoiding bacterial dissemination and avoiding incorrect dosage.
Other important measurements that healthcare providers should
follow include antiseptic prevention and therapy of localized infec-
tions, toilet use, emptying of urinary bags as well as safe disposal
of hospital waste.

The prevention of colonization or infection with MDR organ-
isms is the ideal strategy to be followed by clinicians in order to
manage nosocomial infections in ICUs. Clinicians should adopt
preventive and treatment strategies as well as infection control to
defeat these organisms. Appropriate selection of antibiotic has
proven to be effective at minimizing the risks of antibiotic-resistant
organisms. However, complete prevention is unrealistic since
some patients may be carrying MDR organisms into the ICU at the
time when they are admitted to the unit. Therefore, strict compli-
ance to infection control procedures, monitoring cultures of the
environment as well as suitable antimicrobial therapy are neces-
sary for the management of these organisms. Therefore, future
research should work on developing antimicrobial therapies with
activity against MDR organisms through evidence-based infection
control procedures so that MDR pathogens could be immediately
detected and identified before patients’ admission to the ICU.
Future studies should address cleaning interventions of inanimate
sample sites in ICUs and assess their effectiveness through a pre-
post sample collection procedure.
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