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The incidence of infections caused by multidrug resistant bacteria is increasing worldwide. The
frequent misuse of antibiotic drug has greatly contributed to worldwide dissemination of antibiotics
resistance. Multi-drug resistance in Gram-negative and Gram-positive bacteria causes a wide range of
infections, particularly in the Intensive Care Unit (ICU) settings leading to an increased impact on
morbidity, mortality and costs. This study was undertaken to determine the prevalence of multidrug
resistant of bacterial isolates in patients admitted in ICU of university hospital of Constantine. We
analyzed a 5-year period, from 2011 to 2015. Over five years period, 7472 clinical samples were
collected in the Clinical Microbiology Laboratory of Benbadis University Hospital in Constantine.
Identification of the isolates was performed by APl automated systems (bioMérieux, Marcy I'Etoile,
France) and automate microscan walkaway 96 (Siemens). Antibiotic resistance was determined by the
Clinical and Laboratory Standards Institute (CLSI) disk diffusion test on Mueller-Hinton Agar. Multidrug-
resistant isolates included in this study were methicillin-resistant Staphylococcus aureus, vancomycin-
resistant enterococci, Enterobactericeae that produce extended-spectrum beta lactamases and/or
carbapenemases, multidrug-resistant Acinetobacter baumannii and multidrug-resistant Pseudomonas
aeruginosa. A total of 3528 isolates were collected from various specimens such as blood (47.05%).The
Staphylococcus sp, Klebsiella sp, Acinetobacter sp, P. aeruginosa and E. coli are the most common
isolates recovered from clinical specimens in ICU (26.3, 18.7, 14.3, 11.9 and 9.2% respectively). MRSA
strains constituted over 65% of all S. aureus isolates and 30.3% of E. faecium were found to be
vancomycin resistant. Extended spectrum B-lactmase producers were expressed in 53.2% and 50.6
from K. pneumoniae and E. coli. Carbapenem resistance among K. pneumoniae improved slightly from
2.89 to 4.21%. A. baumannii isolates exhibited extremely high levels of resistance to all antibiotics
except colistin (100% sensitive). In addition, 80.4% of A. baumannii isolates were found to be resistant
to imipenem. Imipenem resistant P. aeruginosa isolates showed 36.4%.
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INTRODUCTION

The increase and spread of multidrug resistant (MDR hospital acquired infections caused by MDR infections
bacteria have become a major concern worldwide. The caused by MDR bacteria have led not only to



an increase in mortality, morbidity, and cost of treatment,
but also continue to endanger the life of patients (Martin
and Yost, 2011; Delle Rose et al., 2015).

MDR bacteria can cause a wide range of infections,
including bacteremia, pneumonia, urinary tract infection,
peritonitis etc., which can lead to substantial morbidity
and mortality, particularly in the ICU settings (Chen et al.,
2016).

The risk of acquiring MDR bacteria in the ICU is
increased by severity of illness, length of stay, use of
intravascular devices, exposure of ICU patients to
invasive therapeutic procedures like endotracheal
intubation, the intensity of exposure to infected patients
and the frequent misuse of antibiotic drug (Khan et al.,
2014; Royer et al. 2015; Wroblewska et al., 2006).

A review of emerging MDR bacterial pathogens in ICU
includes methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococci (VRE) and
multi-drug resistant Gram-negatives (Nayak et al., 2014;
Thompson and FRCP, 2004; Russotto et al.,, 2015;
Trubiano and Padiglione, 2015).

Infection and colonization with MRSA may be more
frequent in the ICU than in general wards (Fridkin and
Gaynes, 1999) and its resistance is conferred by the
acquisition of one of several staphylococcal cassette
chromosome mec elements that carry a gene (mecA) that
encodes a penicillin-binding protein (PBP2a) with low
affinity for B-lactam antibiotics (Katayama et al., 2000).
Vancomycin-resistant enterococci (VRE) have emerged
as a nosocomial pathogen especially in ICUs worldwide
(Austin et al., 1999). VRE are among the major health
care-associated MDR organisms causing a serious
problem in choosing an appropriate therapy (Schouten et
al., 2008).

Infections caused by Gram-negative bacteria have
features that are of particular concern. Specifically, the
rate of infections related to MDR gram-negative bacteria
(MDR-GNB) in ICU is increasing. These organisms are
highly efficient at up-regulating or acquiring genes that
code for mechanisms of antibiotic drug resistance,
especially in the presence of antibiotic selection pressure
(Russotto et al., 2015).

The emergence of resistance in Enterobacteriaceae is
considered an alarming health threat. During this last
decade, a growing number of K. pneumoniae and E. coli
have developed resistance against third-generation
cephalosporin, due to extended-spectrum B-lactamases
(ESBLs) (Pitout and Laupland, 2008). Carbapenems are
the first line treatment of ESBLs producing bacteria, and
the emergence of carbapenem-resistant isolates
conferred by New Delhi Metallo-B-lactamase-1 (NDM-1)
leaves limited therapeutic options.

Non - fermentative Gram-negative bacilli (NF-GNB)
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mainly A. baumannii and P. aeruginosa, have emerged
worldwide and the resistance of these organisms to
antibiotics, particularly to carbapenems, has posed
important therapeutic challenges. Currently,
carbapenems are considered the antimicrobials of choice
for treatment of serious infections caused by A.
baumannii and P. aeruginosa but their efficacy is
increasingly compromised by resistance as reported
worldwide (Al Jarousha et al., 2009). This resistance has
been attributed to the production of carbapenem-
hydrolysing-lactamase enzymes of Ambler molecular
class D (oxacillinases) and B (metallo- lactamases)
(Woodford et al., 2011).

Despite its importance, a few studies on the MDR
bacteria isolated from patients hospitalized in ICU were
investigated in Algeria.

The aim of the present study was to determine the
prevalence of MDR Gram positive and Gram negative
organisms isolated from patients hospitalized in ICU of a
university hospital in Constantine, Algeria.

MATERIALS AND METHODS
Isolation site

This study was undertaken in the Laboratory of Clinical
Microbiology at the University Hospital of Constantine, Algeria, over
five years period 2011- 2015.

Clinical samples for microbiological culture comprised blood,
urine, pus, body fluid or aspirates (joint fluid, pleural fluid, ascitic
fluid and cérébrospinal fluid), other diverse material (such as
catheter, sonde and swab) and others like sputum. Isolates were
collected from 7472 patients suspected of bacterial infection from a
single ICU patients. Only one isolate per patient infection episode
was included in this study.

Microbiological cultures and identification

All samples collected were aseptically inoculated on the various
media and incubated at 37°C for 24 h. Cultures were processed
using standard microbiological methods. Identification of the
isolates was performed by API automated systems (bioMérieux,
Marcy I'Etoile, France) and confirmed on the basis of the results of
automate Microscan Walkaway 96 (Siemens).

Susceptibility testing

Antibiotic resistance was determined by the Clinical and Laboratory
Standards Institute (CLSI) disk diffusion test on Mueller-Hinton
Agar, using calibrated inoculum of the isolates based on McFarland
standard, with the following antibiotics according to the bacterial
species: piperacillin, trimethoprim—sulfamethoxazole, cefotaxime,
gentamicin, amikacin, ceftazidime, ciprofloxacin, pefloxacin,
imipenem, amoxicillin/clavulanic acid, ticarcillin, cefazolin, colistin

and vancomycin. The results were interpreted according to the
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Table 1. Number and rate of positive culture from all samples.

Year Total of samples Positive isolates Contamined isolates Negative isolates
2011 1641 765 (46.61) 86 (5.24) 790 (48.14)
2012 1711 799 (46.69) 83 (4.85) 829 (50.89)
2013 1629 751 (46.10) 78 (4.78) 800 (49.10)
2014 1367 696 (50.91) 85 (6.21) 586 (42.86)
2015 1124 517 (45.99) 94 (8.36) 513 (45.64)
Total 7472 3528 (47.21) 426 (5.70) 3518 (47.08)

Table 2. Nature of the analyzed samples.

Sample 2011 2012 2013 2014 2015 Total (%)
Blood 319 326 384 388 243 1660 (47.05)
Tracheal 133 183 138 100 36 590 (16.72)
Urine 91 112 76 138 97 514 (14.56)
Sonde 118 81 83 10 77 369 (10.45)
Catheter 57 32 31 24 36 180 (5.10)
Pus 22 42 19 14 15 112 (3.17)
Body fluid 16 16 20 21 10 83 (2.35)
Others 9 7 0 1 3 20 (0.56)
Total 765 799 751 696 517 3528 (100)

guidelines of Clinical and Laboratory Standards Institute 2007
(CLSI). The antimicrobial susceptibility results for the six most
frequently isolated organisms were analyzed in the present study.
MDR isolates included in the analyses were MRSA, vancomycin-
resistant enterococci (VRE), Enterobactericeae (K. pneumoniae
and E. coli) that produce extended-spectrum beta lactamases
and/or carbapenemases (ESBLs and CREs, respectively),
Imipenem- resistant A. baumannii and P. aeruginosa. ESBL-
producing strains of Gram-negative rods were detected with a
double disk method using amoxicillin/clavulanic acid, ceftazidime,
cefotaxime and ceftriaxone disks.

Resistance of NFGNB to imipenem was verified by Etest (AB
Biodisk). MIC of vancomycin was also determined by using E-test
method for enterococci.

RESULTS

Among the 7472 samples collected, 3528 were positive
(47.21% of total samples), 426 were contaminated and
represented 5.70% of total samples and 47.08% of all
samples were negative (Table 1).

The bacterial isolates were obtained from 8 different
specimens with the following percentage representations:
blood (47.05%), tracheal (16.72%), urine (14.56%),
sonde (10.45%), catheter (5.10%), pus (3.17 %), different
body fluids (2.35%), and others (0.56%) (Table 2). In
which, 2398 (67.97%) were Gram negative bacteria and
1130 (32.02%) were Gram positive (Figure 1). The
commonest organism isolated from all samples was
Staphylococci sp. 931 (26.38), Klebsiella sp. 661 (18.73)

followed by Acinetobacter sp. 506 (14.34), Pseudomonas
sp. 422 (11.96), E. coli 326 (9.24), Enterobacter sp. 227
(6.43) and Enterococcus sp. 117 (3.31). Others
organisms were isolated but in small proportions: Proteus
sp. 83 (2.34), Streptococcus sp. 82 (2.32), Serratia sp. 81
(2.29), Shigella sp. 32 (0.9), Providencia sp. 24 (0.68),
Haemophylus influenzae 15 (0.42), Morganella sp. 9
(0.25), Stenotrophomonas sp. 6 (0.17), Salmonella sp. 4
(0.11) and Citrobacter sp. 2 (0.06) (Table 3).

Among Gram-positive isolates, strains of
Staphylococcus sp. amounted to 82.38% (931/1130) and
strains of Staphylococcus aureus constituted 37.8%
(352/931). Whilst isolates of coagulase-negative
staphylococci (CNS) constituted 62.19% (579/931). Of all
strains of Staphylococcus sp, 80.98% (754/931) were
methicillin-resistant. The proportion of methicillin-resistant
increased from 70.68 in 2011 to 87.33 in 2014.

MRSA comprised 65.9% of all S. aureus isolates
(232/352) and methicillin-resistant CNS (MRCNS)
constituted 90.15% (522/579). The proportion of MRSA
decreased from 76.54% in 2012 to 66.66% in 2015.
82.14% of CNS were methicillin resistant in 2011 and the
rate of methicillin resistance raised 93.65% in 2014. In
MRSA, there was no resistance to vancomycin.

Among Gram-positive bacterial strains, enterococci
comprised 10.35% (117/1130). Out of 117 isolates, 84
(71.79%) were Enterococcus faecalis and 33 (28.20%)
were Enterococcus faecium. No other enterococcal
species were isolated during the study period.

No vancomycin-resistant Enterococci were observed
during the first two years of our study, 2 isolates
(14.28%), 6 (21.42) and 2 (11.11) of enterococci were
found to be resistant to vancomycine, in 2013, 2014 and
2015 respectively. Ten out of 33 isolates of E. faecium
(30.3%) were resistant to vancomycin , 2 strains (40%) in
2013, 6 strains (75%) in 2014 and 2 strains (28.57%) in
2015. However, no strains of vancomycin-resistant
E.faecalis were detected in the study (Table 4).

Klebsiella sp. ranked second overall among ICU
patients (18.73%) and was the most frequently isolated
Gram-negative organism (27.56%). K. pneumoniae was
most common specie 608/661 (91.98). For K.
pneumoniae, the highest resistance rate was for
ticarcillin, cefazolin and amoxicillin/clavulinat (100, 85.29
and 79.82%, respectively). All strains of K.
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Figure 1. Prevalence of Gram positive and Gram negative isolates.
Table 3. Prevalence of clinical isolates.
Organisms 2011 2012 2013 2014 2015 Total(%)
Staphylococcus sp. 174 218 203 150 186 931(26.38)
Klebsiella sp. 124 143 154 140 100 661(18.73)
Acinetobacter sp. 112 96 119 107 72 506(14.34)
Pseudomonas aeruginosa 138 110 80 64 30 422(11.96)
Escherichia coli 60 65 70 84 47 326(9.24)
Enterobacter sp. 61 61 a7 38 20 227(6.43)
Enterococcus sp. 31 26 14 28 18 117(3.31)
Proteus sp. 30 13 17 12 11 83(2.34)
Streptococcus sp. 18 22 12 14 16 82(2.32)
Serratia sp. 12 23 22 15 9 81(2.29)
Shigella sp. 0 0 0 30 2 32(0.90)
Providencia sp. 0 11 5 6 2 24(0.68)
Haemophilus influenzae 4 8 3 0 0 15(0.42)
Morganella sp. 0 1 4 3 1 9(0.25)
Stenotrophomonas sp. 0 0 0 5 1 6(0.17)
Salmonella sp. 0 1 1 0 2 4(0.11)
Citrobacter sp. 1 1 0 0 0 2(0.05)
pneumoniae were sensitive to colistin (Table 5). 52.06% in 2011 to 63.15%

ESBL production was detected in 53.28% of strains of
K.pneumoniae. The proportion of ESBL increased from

in 2015 (Table 6).

Carbapenem resistance among K. pneumoniae improved
slightly in 2013, 2014 and 2015 from 2.89 to 4.21%. E.
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Table 4. Prevalence of multidrug resistant staphylococci and enterococci stratified by year.

Resistant isolate no./Total isolate no. (%)/ year

Sample 2011 2012 2013 2014 2015 Mean
Methicillin-resistant Staphylococcus sp. 123/174(70.68)  179/218(82.11) 172/203(84.72)  131/150(87.33)  149/186 (80.1)  754/931(80.98)
Methicillin-resistant Staphylococcus aureus 100/146 (68.49) 62/81 (76.54) 29/59 (49.15) 13/24 (54.16) 28/42 (66.66)  232/352 (65.9)
Methicilin-resistant Staphylococcus 2328 (82.14)  117/137 (854) 1431144 (99.3)  118/126 (93.65)  121/144 (84)  522/579 (90.15)
coagulase negative

Vancomycin resistant enterococci 0/31 (0) 0/26 ( 214 (14.28) 6/28 (21.42) 218 (11.11) 10/117 (8.54)
VR E. faecalis 0125 (0) 019 ( 019 (0) 0120 (0) 0111 (0) 0/84 (0)
VR E. faecium 0/6 (0) 017 2/5 (40) 618 (75) 27(2857)  10/33 (30.3)

coli isolates from ICU patients exhibited elevated
extended-spectrum B-lactamase (ESBL)-phenotype rates
(50.61%) but the proportion of ESBL decreased from
61.66% in 2011 to 42.55% in 2015. the highest
resistance rate for E.coli was for ticarcillin (82.65%),
amoxicillin/clavulinat (64.57%) and cefazolin (63.11%).
No strains showed resistance to imipenem and colistin.
NFGNB comprised 26.3% (928/3528) of all isolates.
Among Gram negative isolates, strains of Acinetobacter
sp. and P.aeruginosa comprised 21.1% (506/2398) and
17.59% (422/2398) of isolates respectively. Among
strains of Acinetobacter sp, 93.87% (475/506) were
A.baumanii.

In the present study, imipenem resistant was detected
in 80.42% of A. baumanii, and 36.84% of P. aeruginosa.
We recorded an increase of imipenem-resistant strains of
A. baumannii during the study period from 60.39% in
2011 to 94.2% in 2014. The proportion of imipenem
resitance increased slightly from 33.33% in 2011 to 50%
in 2015 for P.aeruginosa (Table 6).

A. baumanii showed very high resistance rates to most
antimicrobial agents. The highest resistance rates for
A.baumanii were for piperacillin (97.54%), ticarcillin
(97.52%) and ceftazidime (95.82%), while P. aeruginosa
exhibited high susceptibility to most antimicrobial agents
tested and the highest resistance rates was for pefloxacin
(49.8%), piperacillin (37.82%) and ceftazidime (30.80%).
All NFGNB isolates were sensitive to colistin.

DISCUSSION

Most isolates were recovered from the blood specimens
(47.05%). This finding corroborated the results reported
by other investigator in India (Jitendra et al., 2012). While
in the ICU of Kingdom of Saudi Arabia (KSA), most
isolates were recovered from the respiratory specimens
(38.8%), followd by the blood specimens (33%) (Saeed et
al., 2010).

Staphylococci constituted the group of bacteria most
commonly isolated from ICU patients (Johnson et al.,
2003). The commonest organism isolated from all
samples was Staphylococci (26.38%) in our study.

The most common GP cocci in this study were SCN,
followed by S.aureus, whereas in the study of Fridkin et
al. (1999), the most common GP cocci were S. aureus,
followed by SCN.

In the present study, MRSA strains constituted over
65% of all S. aureus isolates. MRCNS strains
represented 90.15% of CNS strains. These are high
percentages from MRSA and MRCNS compared with
data from other reports (Khan et al., 2014; Wang et al.,
2011).

MRSA, first described in the 1960, is now endemic in
many hospitals, infection and colonization with MRSA
may be more frequent in the ICUs than in general wards
(Thompson and FRCP, 2004).

Antibiotic susceptibility profile of MRSA showed that
these strains exhibited the highest sensitivity to
vancomycin (100%) In our study, Enterococci are
important pathogens of patients hospitalized in the ICU,
particularly in view of the increasing frequency of
resistance to vancomycin. In this study, strains of
enterococci comprised 3.31% of all bacterial isolates and
10.35% of Gram-positive isolates, this observation
agreed with the finding of Johnson et al. (2003). Among
enterococci isolates, 71.79% were E. faecalis and
25.46% were E. faecium. In the study of Sood et al.
(2008), E. faecalis has been the predominant
enterococcal species accounting for 80-85% of clinical
isolates, followed by E. faecium which accounts for about
10-15% of clinical isolates.

In the present study, 10 (8.54%) isolates were found to
be vancomycin resistant, 10 out of 33 isolates (30.3%) of
E. faecium but no strains of vancomycin-resistant E.
faecalis were detected. It has also been found in various
studies that E. faecium accounts for far fewer clinical
enterococcal isolates than E. faecalis, but it is far more
resistant to glycopeptides.

In a study conducted by Saeed et al. (2010), less than
7.1% of E. faecalis were found to be resistant to
vancomycin, whereas 40.1% of the E. faecium isolates
were resistant to vancomycin. Zhanel et al. (2003) found
that most of the VRE were E. faecium (88%), while only
12% were of E. faecalis. The Gram-negative organisms
most frequently isolated in our study were Klebsiella
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Table 5. Antimicrobial resistance of major four isolates Gram negative, stratified by year.

Resistance rate (%) / Year

Organism/antimicrobial agent

2011 2012 2013 2014 2015 Mean
Acinetobacter baumanii n=101 n=95 n=108 n=102 n=69
Ticarcillin 100 95.78 98.14 98.03 95.65 97.52
Piperacillin 98.01 97.89 98.14 98.03 95.65 97.54
Ceftazidime 95.04 98.89 94.44 95.09 95.65 95.82
Amikacin 72.27 57.89 70.37 66.66 86.95 70.82
Gentamycin 73.26 92.63 84.25 91.17 95.65 87.39
Ciprofloxacin 85.14 87.36 88.88 98.03 81.15 88.11
Pefloxacin 89.10 91.57 92.59 91.17 81.15 89.11
Trimethoprim-sulfamethoxazole 93.06 89.47 92.59 96.07 95.65 93.36
Colistin 0 0 0 0 0 0
Pseudomonas aeruginosa n=138 n=110 n=80 n=64 n=30
Ticarcillin 28.98 36.84 25 26.56 36.66 30.80
Piperacillin 16 24.6 275 84.37 36.66 37.82
Ceftazidime 23.91 11.81 18.75 78.12 20 30.51
Amikacin 4.34 3 3.75 79.68 23.33 22.82
Gentamycin 18 27.1 22.5 64.06 20 30.33
Ciprofloxacin 8 254 15 50 50 29.68
Pefloxacin 30 44 60 65 50 49.8
Trimethoprim-sulfamethoxazole 72.46 94.54 90 90.62 83.33 86.19
Colistin 0 0 0 0 0 0
Klebsiella pneumoniae n=121 n=125 n=138 n=129 n=95
Ticarcillin 100 100 100 100 100 100
Amoxicillin/clvulinat 66.94 88 86.95 78.29 78.94 79.82
Cefazolin 84.29 86.4 90.57 88.37 76.84 85.29
Imipenem 0 0 2.89 4.65 4.21 2.35
Amikacin 23.14 6.4 25.36 29.45 21.05 21.08
Gentamycin 74.38 81.6 61.59 66.66 54.73 67.79
Ciprofloxacin 41.32 38.4 21.73 48.06 33.68 36.63
Trimethoprim-sulfamethoxazole 67.5 82.64 74.63 68.21 56.84 69.96
Colistin 0 0 0 0 0 0
Escherichia coli n=60 n=65 n=70 n=84 n=47
Ticarcillin 95 70.76 94.28 75 78.72 82.65
Amoxicillin/clavulinat 41.66 92.30 68.51 52.38 68.08 64.57
Cefazolin 46.66 100 50 67.85 51.06 63.11
Imipenem 0 0 0 0 0 0
Amikacin 6.66 13.84 2.85 44.04 8.51 15.18
Gentamycin 38.33 66.15 18.57 21.42 34.04 35.70
Ciprofloxacin 43.33 21.53 80 47.61 46.8 47.85
Trimethoprim-sulfamethoxazole 66.66 62.5 52.30 55.95 53.19 58.12
Colistin 0 0 0 0 0 0

sp. (27.56%), Acinetobacter sp. (21.1%), P. aeruginosa
(17.59%), and E. coli (13.59%). Similarly, these
pathogens were the most frequently isolated Gram-
negative organisms from ICU patients in Lybia (Zorgani et

al., 2015). Whilst, the most common Gram-negative
organisms in order of frequency from ICU patients were
Klebsiella sp., E. coli, and P. aeruginosa in the USA and
E. coli, P. aeruginosa and Klebsiella sp. In Europe (Sader
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Table 6. Prevalence of multidrug resistant of major four isolates Gram negative, stratified by year.

Resistant isolate no./Total isolate no. (%)/ Year

2013 2014 2015 Mean

Isolate 2011 2012
ESBL-producing K. pneumoniae 63/121 (52.06)  57/125(45.6)
Carbapenemase-producing K. pneumonia 0/121 (0) 0/125 (0)
ESBL-producing E. coli 37/60 (61.66)  38/65(58.46)
Imipenem- resistant A.baumannii 61/101 (60.39)  73/95 (76.84)

Imipenem-resistant P. aeruginosa 46/138 (33.33)

35/110 (31.18)

62/138 (44.92) 821129 (63.56)  60/95 (63.15)  324/608 (53.28)
41138 (2.89) 6129 (4.65)  4/95(4.21) 14/608 (2.3)
30/70 (42.85)  40/84 (47.61) 20 /47 (42.55)  165/326 (50.61)
90/108 (83.33) 931102 (91.17)  65/69 (94.2)  382/475 (80.42)
30/80 (37.5)  25/64 (40.62) 3264 (50) 168456 (36.84)

et al., 2014).

Over the past decade there has been a dramatic
increase in MDR-Gram-negative rods, particularly among
isolates recovered from ICU patients. In our study, ESBL
production was detected in 53.28 and 50.61% of strains
of K. pneumoniae and E. coli respectively. These data
are similar to the proportion of 56.2 and 43.6% of ESBL-
producing isolates amongst E. coli and K. pneumoniae
isolated in clinical samples in China (Wang et al., 2008)
but it is far higher than the same proportions reported in
France (8 and 13%, respectively) (Arnaud et al., 2013).
Whereas it is a less percentage compared with others
reports in the literature. An Algerian’s report of the
resistance of bacteria to antibiotics (2012) have reported
76.73% of ESBL-producing isolates amongst K.
pneumoniae in 2012. Saeed et al. (2010) found that
ESBL producing E. coli were approximately 100% among
the tested isolates, which were more common than that
seen in K. pneumoniae (92%).

Carbapenem-resistant K. pneumoniae has emerged
during recent years in several intensive care unit (Debby
et al, 2012). Carbapenem resistance among K.
pneumoniae improved slightly in 2013 and 2015 from
2.89% to 4.21% in the present study. Increasing rates of
carbapenem resistance among Enterobacteriaceae have
been reported by other investigators in various European
countries (Mouloudi et al., 2010; Nordmann et al., 2011;
Walsh, 2010). Rates of 2.3% and 38% of carbapenem
resistance among K. pneumoniae have been reported
(Sekowska et al., 2014; Chaudhary and Payasi (2013).
KPC-producing strains appear to have the widest
distribution, but a rising number of OXA-48—producing
strains has been reported (Glasner et al., 2013).

In African countries, KPC producers were first identified
by Brink et al. in 2012, in South Africa. In Algeria, a two
recent studies described the first report of KPC-3-
producing K. pneumonia (Bakour et al., 2015) and First
outbreak of OXA-48-positive carbapenem-resistant K.
pneumoniae isolates in ICU (Cuzon et al., 2015). Strains
of P. aeruginosa constituted 11.96% of all isolates
ranking fourth in this study. P. aeruginosa was commonly
isolated in ICU patients, ranking first in KSA (21.41%),
second in Europe (18.2%) and China (15.6%), third in the
USA (17.2%) and lybia (20%) (Saeed et al.,, 2010;
Zorgani et al., 2015; Sader et al., 2014; Tan et al., 2014).

It constituted 17.59% of Gram-negative strains in our
study. This data is almost similar to the 24% reported
from ICUs in Europe (Hanberger et al., 1999).

In the present study, the percentage of imipenem-
resistant strains of P. aeruginosa was 36.84%. The
proportion of imipenem resitance increased from 33.33%
in 2011 to 50% in 2015. This is high compared with
reports in the literature ranging from 2 to 20%
(Glupczynski et al., 2001; Hsueh et al., 2001).

Strains of Acinetobacter sp. constituted 14.34% of all
isolates and 21.10% of GN organisms. This is a high
percentage compared with data from USA ICUs (Sader et
al., 2014), but it is similar to others reports (Saeed et al.,
2010; Tan et al.,, 2014). In present study, A. baumanii
showed very high resistance rates to most antimicrobial
agents and an important decrease in the susceptibility
was observed for imipenem during the five years study
period (60.39% in 2011 to 94.2% in 2015). This is very
high compared with reports in the literature ranging from
9.6% to 23.8% (Wroblewska et al., 2006). While, among
the four hundred and fifty four isolates of A.baumani
isolated in India’s ICU, 81.71% isolates were found to be
carbapenemase producing (Chaudhary and Payasi,
2013).

The global spread of -carbapenem-resistant P.
aeruginosa and A. baumannii is of great concern
(Hanberger et al, 1999). The significantly low
susceptibility of ICU-acquired strains to carbapenems
may be related to the increasing use of carbapenems in
ICU. The most active compound against these organisms
was colistin.

Conclusion

This study showed that Staphylococcus sp, Klebsiella sp,
Acinetobacter sp, P. aeruginosa and E. coli were the
most common isolates recovered from clinical specimens
in the ICU of Constantine. Blood specimens represented
47.06% of all specimens collected in the ICU. This study
demonstrated that most of these pathogens isolated from
clinical samples were MDR. We conclude that the
incidence of high rates of resistance is alarming high and
is continuously increasing and spreading. Therefore
surveillance of bacterial prevalence and susceptibility
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patterns of the isolates from ICU is crucial in determining
optimum empirical therapy of infections in critically ill
patients.

Conflict of Interests

The authors have not declared any conflict of interests.

REFERENCES

Al Jarousha AMK, El Jadbab AHN, Al Afifi AS , EI Qouga A (2009).
Nosocomial multidrug-resistant Acinetobacter baumannii in the
neonatal intensive care unit in Gaza City, Palestine. Int. J. Infect. Dis.
13:623-628.

Arnaud |, Blanchar H, Jarlier V (2013). Surveillance Des Bactéries
Multirésistantes Dans Les Etablissements de Santé En France:
Réseau BMR-Raisin, Résultats 2011. Saint-Maurice, France.

Austin DJ, Bonten M J M, Weinstein R A, Slaughter S, Anderson R M
(1999). Vancomycin-resistant enterococci in intensive-care hospital
settings: Transmission dynamics, persistence, and the impact of
infection control programs. Proc. Natl. Acad. Sci USA. 8:6908-6913.

Bakour S, Sahli F, Touati A, Rolain JM (2015). Emergence of KPC-
producing Klebsiella pneumoniae ST512 isolated from cerebrospinal
fluid of a child in Algeria. New. Microbes. New .Infect. 3:34-36.

Brink AJ, Coetzee J, Clay CG (2012). Emergence of New Delhi metallo-
beta-lactamase (NDM-1) and Klebsiella pneumoniae carbapenemase
(KPC-2) in South Africa. J .Clin .Microbiol. 50:525-527.

Chaudhary M, Payasi A (2013). Incidence, prevalence and control of
multidrug resistant (MDR) carbapenemase producing Acinetobacter
baumanii in Indian intensive care units. J. Pharm. Res. 7:175-80.

Chen YC, Lin SF, Liu CJ, Jiang DD, Yang PC, Chang SC (2001). Risk
factors for ICU mortality in critically ill patients. J . Formos. Med.
Assoc. 100(10):613-56.

Cuzon G, Bentchouala C, Vogel A, Héry M, Lezzar A, Smati F, Dortet L
Naas T (2015). First outbreak of OXA-48-positive carbapenem-
resistant Klebsiella pneumoniae isolates in Constantine, Algeria. Int.
J .Antimicrob. Agents. 46(6):725.

Debby BD, Ganor O, Yasmin M, David L, Nathan K, llana T, Dalit S,
Smollan G, Galia R (2012). Epidemiology of carbapenem resistant
Klebsiella pneumoniae colonization in an intensive care unit. Eur. J.
Clin. Microbiol. Infect. Dis. 31(8):1811-7.

Delle Rose D, Sordillo P, Gini S, Meledandri M, Gallo MT, Prignano G,
Caccese R, D'Ambrosio M (2015). Microbiologic characteristics and
predictors of mortality in bloodstream infections in intensive care unit
patients: A 1-year, large, prospective surveillance study in 5 Italian
hospitals. Am. J. Infect. Control. 43(11):1178-1183.

Fridkin SK, Gaynes RP (1999). Antimicrobial resistance in intensive
care units. Clin. Chest Med. 20:303-316.

Glasner C, Albiger B, Buist G, Tambi¢ Andrasevi¢ A, Canton R, Carmeli
Y, Friedrich AW, Giske CG, Glupczynski Y, Gniadkowski M,
Livermore, DM (2013). Carbapenemase-producing
Enterobacteriaceae in Europe: a survey among national experts from
39 countries, February 2013. Euro Surveillance, 18(28):20525.

Glupczynski Y, Delmee M, Goossens H, Struelens M (2001). Belgian
Multicenter ICU Study Group. Distribution and prevalence of
antimicrobial resistance among gram-negative isolates in intensive
care units (ICU) in Belgian hospitals between 1996 and 1999. Acta.
Clin. Belg. 56:297-306.

Hanberger H, Garcia-Rodriguez JA, Gobernado, M, Goossens H,
Nilsson LE, Struelens MJ (1999). Antibiotic susceptibility among gram
negative bacilli in intensive care units in 5 European countries.
French and Portuguese ICU Study Groups. JAMA. 281:67-71.

Hsueh PR, Liu YC, Yang D, Yan JJ, Wu TL, Huang WK, Wu JJ, Ko WC,
Leu HS, Yu CR, Luh KT (2001). Multicenter surveillance of
antimicrobial resistance of major bacterial pathogens in intensive
care units in 2000 in Taiwan. Microb. Drug. Resist. 7:373-82.

Jitendra Z, Shirishkumar P, Sunil N, Kanan D, Paru P (2012). A study
on bacteriological profile and drug sensitivity and resistance pattern

Hecini-Hannachi et al. 1335

of isolates of the patients admitted in intensive care units of a tertiary
care hospital in Ahmadabad. Nat. J. Med. Res. 2(3):330-34.

Johnson AP, Henwood C, Mushtaq S, James D, Warner M, Livermore
DM, ICU Study Group (2003) Susceptibility of Gram-positive bacteria
from ICU patients in UK hospitals to antimicrobial agents. J. Hosp.
Infect. 54:179-87.

Katayama Y, Ito T, Hiramatsu K (2000). A new class of genetic element,
Staphylococcus cassette chromosome mec, encodes methicillin
resistance in  Staphylococcus aureus. Antimicrob. Agents
Chemother. 44(6):1549-1555.

Khan RA, Af Khan F, Igbal M, Nigar H (2014). Prevalence and antibiotic
susceptibility of multi-drug resistant Staphylococcus aureus and
Acinetobacter baumannii in clinical samples from intensive care unit
patients in a tertiary care hospital at Peshawar (Pakistan). Anaesth.
Pain Intensive Care 18(3):231.

Martin SJ, Yost RJ (2011). Infectious diseases in the critically ill
patients. J. Pharm. Pract. 24:35-43.

Mouloudi E, Protonotariou E, Zagorianou A, losifidis E, Karapanagiotou
A, Giasnetsova T, Tsioka A, Roilides E, Sofianou D, Gritsi-Gerogianni
N (2010). Bloodstream infections caused by metallo-B-
lactamase/Klebsiella pneumoniae carbapenemase-producing K.
pneumoniae among intensive care unit patients in Greece: risk
factors for infection and impact of type of resistance on outcomes.
Infect. Control. Hosp. Epidemiol. 31(12):1250-1256.

Nayak N, Lenka R K, Padhy RN (2014). Surveillance of multidrug
resistant suppurative infection causing bacteria in hospitalized
patients in an Indian tertiary care hospital. J. Acute. Dis. pp148-156.

Nordman P, Naas T, Poirel L (2011). Global spread of carbapenemase-
producing Enterobacteriaceae. Emerg. Infect. Dis. 17:1791-8.

Pitout JD, Laupland KB (2008). Extended-spectrum [-lactamase-
producing Enterobacteriaceae: an emerging public-health concern.
Lancet. Infect. Dis. 8(3):159-166.

Réseau Algérien de Surveillance de la Résistance des Bactéries aux
Antibiotiques 2012. 13°™ rapport d’évaluation.

Royer S, Souza Fariaa AL, Miyuki Sekib L, Chagas TP, de Campos PA,
da Fonseca Batistdo DW, Asensi MD, Gontijo Filho PP, Ribas RM.
(2015). Spread of multidrug-resistant Acinetobacter baumannii and
Pseudomonas aeruginosa clones in patients with ventilator-
associated pneumonia in an adult intensive care unit at a university
hospital. Braz. J. Infect. Dis. 19(4):350-357.

Russotto V, Cortegiani A, Graziano G, Saporito L, Raineri SM,
Mammina C, Giarratano A (2015). Bloodstream infections in intensive
care unit patients: distribution and antibiotic resistance of bacteria.
Infect. Drug. Resist. 8:287-296.

Sader H, David S, Farrell J, Flamm RK, Jones RN (2014). Antimicrobial
susceptibility of Gram-negative organisms isolated from patients
hospitalized in intensive care units in United States and European
hospitals (2009—-2011). Diag. Microbiol. Infect. Dis. 78:443448.

Saeed NK, Kambal AM, EI-Khizzi NA (2010). Antimicrobial-resistant
bacteria in a general intensive care unit in Saudi Arabia. Saudi. Med.
J. 31(12):1341-9.

Schouten MA, Hoogkamp-Korstanje JA, Meis JF, Voss A (2000).
Prevalence of vancomycin resistant enterococci in Europe. Eur. J.
Clin. Microbiol. Infect. Dis. 19:816-22.

Sekowska A, Gospodarek E, Kusza K (2014). The prevalence of
infections and colonisation with Klebsiella pneumoniae strains
isolated in ICU patients. Anaesthesiol. Intensive. Ther. 46(4):280-
283.

Sood S, Malhotra M, Das BK, Kapil A (2008). Enterococcal infections
and antimicrobial resistance. Indian. J. Med. Res.128(2):111-21.

Tan R, Liu J, Li M, Huang J, Sun J, Qu H (2014). Epidemiology and
antimicrobial resistance among commonly encountered bacteria
associated with infections and colonization in intensive care units in a
university affiliated hospital in Shanghai. J. Microbiol. Immunol. Infect.
47:87-94.

Thompson DS, FRCP MB (2004). Methicillin-resistant Staphylococcus
aureus in a general intensive care unit. J. R. Soc. Med. 97(11):521-
26.

Trubiano JA, Padiglione AA (2015). Nosocomial infections in the
intensive care unit. Anaesthesia. Intensive. Care. Med. 16(12):598-
602

Walsh TR, (2010). Emerging carbapenemases: a global perspective.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Austin%20DJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bonten%20MJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weinstein%20RA%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Slaughter%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20RM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakour%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahli%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Touati%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rolain%20JM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/26453148
http://www.ncbi.nlm.nih.gov/pubmed/26453148
http://www.ncbi.nlm.nih.gov/pubmed/?term=Debby%20BD%5BAuthor%5D&cauthor=true&cauthor_uid=22246509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ganor%20O%5BAuthor%5D&cauthor=true&cauthor_uid=22246509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yasmin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22246509
http://www.ncbi.nlm.nih.gov/pubmed/?term=Debby+BD
http://www.ncbi.nlm.nih.gov/pubmed/?term=Debby+BD
http://www.ncbi.nlm.nih.gov/pubmed/26253805
http://www.ncbi.nlm.nih.gov/pubmed/26253805
http://www.ncbi.nlm.nih.gov/pubmed/26253805
http://www.ncbi.nlm.nih.gov/pubmed/26253805
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mouloudi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20973725
http://www.ncbi.nlm.nih.gov/pubmed/?term=Protonotariou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20973725
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zagorianou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20973725
http://www.ncbi.nlm.nih.gov/pubmed/20973725
http://www.ncbi.nlm.nih.gov/pubmed/?term=Russotto%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cortegiani%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Graziano%20G%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Saporito%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Raineri%20SM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mammina%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giarratano%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/21135998
http://www.ncbi.nlm.nih.gov/pubmed/21135998
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C4%99kowska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25293479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gospodarek%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25293479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kusza%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25293479
http://www.ncbi.nlm.nih.gov/pubmed/25293479
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20DS%5Bauth%5D

1336 Afr. J. Microbiol. Res.

Int. J. Antimicrob. Agents. 36( 3):8-14.

Wang F, Fupin H, Jiang X, et al (2011) : CHINET 2009 surveillance of
bacterial resistance in China. Chinese. J. Infect. Chemother. 5:321-
329.

Woodford N, Turton JF, Livermore DM (2011). Multi resistant Gram-
negative bacteria: the role of high-risk clones in the dissemination of
antibiotic resistance. FEMS. Microbiol. Rev. 35:736-55.

Wroblewska MM, Rudnicka J, Marchel H, Luczak M (2006). Multidrug-
resistant bacteria isolated from patients hospitalised in Intensive Care
Units. Int. J. Antimicrob. Agents. 27:285-289.

Zhanel GG, Laing, NM, Nichol KA, et al (2003). Antibiotic activity
against urinary tract infection (UTI) isolates of vancomycin-resistant
enterococci (VRE): results from the 2002 North American
Vancomycin Resistant Enterococci Susceptibility Study (NAVRESS).
J. Antimicrob. Chemother. 52(3):382-388.

Zorgani A, Abofayed A, Glia A, Albarbar A, Hanish S (2015).
Prevalence of Device-associated Nosocomial Infections Caused By
Gram-negative Bacteria in a Trauma Intensive Care Unit in Libya.
Oman. Med. J. 30(4):270-275.


http://www.biomedcentral.com/sfx_links?ui=s12879-015-1105-7&bibl=B13
http://www.ncbi.nlm.nih.gov/pubmed/12888592
http://www.ncbi.nlm.nih.gov/pubmed/12888592
http://www.ncbi.nlm.nih.gov/pubmed/12888592
http://www.ncbi.nlm.nih.gov/pubmed/12888592
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zorgani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26366261
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abofayed%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26366261
http://www.ncbi.nlm.nih.gov/pubmed/?term=Glia%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26366261
http://www.ncbi.nlm.nih.gov/pubmed/?term=Albarbar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26366261
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hanish%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26366261
http://www.ncbi.nlm.nih.gov/pubmed/26366261

