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ABSTRACT

 الأهداف: أجريت دراسة استعادية على مدى فترة سنة واحدة من ديسمبر 2016 
الجرام ومقاومتها  الممرضة سالبة  البكتريا  مـ لمعرفة نسبة توزيع   2018 يناير  حتي 
للمضادات الحيوية في وحدات العناية المركزة المختلفة بمستشفى الملك عبد الله-

محافظة بيشة-المملكة العربية السعودية.

الطريقة:  تمت معالجة ما مجموعه 3736 عينة سريرية غير مكررة من وحدات 
العناية المركزة العامة ، وحدة العناية المركزة لحديثي الولادة ووحدة العناية القلبية. 
النتائجمن مجموع العينات التي تم استرجاعها وتحليلها، 9.6% )358/3736( 
من مجموع العينات كانت إيجابية لمسببات الأمراض. البكتريا سالبة الجرام الأغلبية 
بنسبة %81 )290/358(. باكتيريا الراكدة هي الاكثر شيوعا في وحدة العناية 
المركزة العامة بينما الكلبسيلة الرئوية هي الأكثر تواجدا في وحدة العناية المركزة 
لحديثي الولادة ووحدة العناية القلبية. أظهرت جميع البكتريا سالبة الجرام نسبة 

مقاومة عالية للمضادات الحيوية.

سلفاميثوكسازول  ترايميثوبريم/   ،)75.8%( السيفوروكسيم  التالية: 
بيبيراسيلين   ،)64.6%( ازترونام   ،)72.9%( سيفوتاكزيم   ،)73.4%(
نسبة  أعطت  الراكدة  بكتريا    .)61.5%( وسيبروفلوكساسين   ،)62.1%(
الحيوية  المضادات  لجميع   )97.5% الي   93.4%( بين  تتراوح  عالية  مقاومة 
لمضاد  عالية  مقاومة  نسبة  الرئوية  الكلبسيلة  أظهرت   .)4%( الكولستين  عدا 
وعقار  السيفالوسبورين  مجموعة   ،)71.8%( الترايمثوبريم/سلفاميثوكزازول 
الزائفة  بكتريا  ضد  جيدة  فعالية  اظهر  الامينوجليكوسيد  عقار  الازترونام. 
نسبة  أظهرت  الرائعة  المتقلبة  بكتريا  الحيوية.  المضادات  بقية  عكس  الزنجارية 
نسبة   .)58.6%( السيفوروكسيم   )87%( الترايمثوبريم  لعقار  عالية  مقاومة 
عالية )%67.9( من البكتريا سالبة الجرام أعطت مقاومة لمجموعة متعددة من 
المضادات الحية وهذه النسبة مرتفعة جدا )%97.5( بواسطة البكتريا الراكدة. لا 
توجد فروقات ذات دلالة قيمة لنسبة المقاومة للمضادات  الحيوية للبكتريا المعزولة 
من مختلف وحدات العناية المركزة، عدا عقار الإيميبنيم )قيمة ب=0.002( و 

عقار السيبروفلوكساسين )قيمة ب=0.003(.

الخلاصة: بكتريا الراكدة، الزائفة الزنجارية والكلبسيله الرئوية هما الأكثر انتشارا 
وسط وحدات العناية المركزة. كشفت الدراسة عن نسبة مقاومة كبيرة للمضادات 
المقاومة لمجموعة متعددة من المضادات  البكتريا سالبة الجرام. أنمط  الحيوية وسط 
الحيوية كانت بنسبة %67.9 مع مجموع البكتريا المعزولة، مع نسبة عالية جدا 
وسط بكتريا الراكدة )%97.9(.  برامج المراقبة الشاملة مع تتبع مصادر ومسارات 
تلك  خطورة  من  الحد  في  مفيدا  يكون  قد  الحيوية  للمضادات  المقاومة  البكتريا 

المشكلة.  

Objectives: To determine the distribution and resistance 
profiles of Gram-negative bacteria (GNB) in intensive 
care units (ICUs) at King Abdullah Hospital in Bisha, 
Saudi Arabia. 

Methods: A record based retrospective study was 
conducted from December 2016 to January 2018. In 
total, 3736 non-duplicate clinical specimens from the 
general intensive care unit (ICU), neonatal ICU (NICU), 
and coronary CU (CCU) were analyzed for pathogens. 

Results: Of 3736 specimens, 9.6% (358) were positive for 
pathogens, and GNB constituted the majority (290/358; 
81%). Acinetobacter is predominant in the general ICU, 
whereas Klebsiella pneumoniae is common in the NICU 
and CCU. Overall, GNB revealed a high resistance rate 
for cefuroxime (75.8%) trimethoprim/sulfamethoxazole 
(73.4%), cefotaxime (72.9%), aztreonam (64.6%), 
piperacillin (62.1%), and ciprofloxacin (61.5%). 
Acinetobacter revealed a high resistance (93.4% to 97.5%) 
to all antimicrobials except colistin (4%). Klebsiella 
pneumoniae showed a high resistance to trimethoprim/
sulfamethoxazole (71.8%), cefotaxime (71.4%) and 
aztreonam (65.2%). Pseudomonas aeruginosa showed good 
activity for aminoglycosides but increasing resistance for 
cephalosporins and meropenem. GNB exhibited a high 
rate of multi-drug-resistant (MDR) phenotypes (67.9%) 
with a higher level among Acinetobacter spp. (97.5%). 
There were no significant differences in the resistance 
rates of GNB from different ICUs except for imipenem 
(p=0.002) and ciprofloxacin (p=0.003).  

Conclusions: Increased antimicrobial resistance with 
high proportions of MDR patterns were found among 
GNB from ICUs. Comprehensive surveillance programs 
are needed to track the origins and emergence pathways 
of resistant pathogens.
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In the last decade, antimicrobial-resistant pathogens 
have been continuing to spread as causative agents of 

nosocomial infections in intensive care units (ICUs).1,2 
Gram-negative bacteria (GNB) such as Acinetobacter, 
Pseudomonas aeruginosa, Klebsiella spp. and Escherichia 
coli are responsible for ICU infections.1 They are a 
common cause of infections of the primary bloodstream, 
pulmonary tract, urinary tract, postsurgical sites, skin, 
and soft tissue.3 Patients in the ICU are at higher risk of 
acquiring nosocomial infections caused by antimicrobial-
resistant pathogens.4,5 Infections caused by multidrug-
resistant (MDR) bacteria have become the main factor 
of increasing morbidity and mortality among patients 
in ICUs, which makes them a great health challenge for 
hospital authorities.4,6 The mortality rate found to be 
increased more than twice among infected ICU patients 
comparable to non-infected patients.1 One study found 
that the risk of dying among ICUs neonates having 
nosocomial infections was greater more than 3 times 
compared to those who without the illness.7 

The rates of MDR patterns among Gram-negative 
pathogens in ICUs are several times higher than in 
general hospital settings.1 The dissemination of such 
pathogens is emerging as a global health problem.8 
Worldwide surveillance studies have been conducted to 
assess bacterial pathogens and their resistance profile in 
ICUs.9,10 In Saudi Arabia, several local studies in tertiary 
hospitals have tracked the resistance rates of pathogens 
in ICU settings.11-13 However, such data are scarce in 
certain areas, including Bisha Province in the southwest 
of the country. The availability of regional data on the 
resistance rates is fundamental to implementing effective 
treatment protocols against infectious agents and might 
help to prevent infections with MDR pathogens at the 
local level.9,14 

The appropriate identification of ICU pathogens 
and their MDR phenotypes plays a crucial role in the 
treatment process and in infection control measures.9,15  
This is the first study with the aim of determining the 
distribution of GNB and their resistance rates collected 
from clinical samples of patients in ICUs at a tertiary 
care hospital in Bisha, Saudi Arabia. We also aimed to 
determine the MDR patterns of the isolates associated 
with patients and different ICUs. 

Methods. A record based retrospective study 
was conducted over one year from December 2016 
to January 2018 at King Abdullah Hospital, Bisha 
Province, Southwest Saudi Arabia. This hospital is 
a 365-bed tertiary care center that offers different 
specialized services. It provides referral healthcare 
services to an estimated 17,162 inpatients and 215,322 
outpatients per year for patients living in the province, 
suburbs, and neighboring provinces. The hospital has 3 
different ICUs containing 43 beds, including a general 
ICU (16 beds), neonatal ICU (NICU; 23 beds), and 
coronary CU (CCU; 4 beds). These units are supported 
by a multi-disciplinary care team. Ethical approval for 
this study was obtained from the Research and Ethical 
Committee of the College of Medicine at the University 
of Bisha.

A standard data-collection form was used to collect 
patients’ general information, the type of ICU, isolated 
pathogens, the type of specimens, and antimicrobial 
susceptibility profiles from the laboratory information 
system. A total of 3736 non-duplicate clinical specimens 
of patients (n=3736) at 3 ICUs were retrieved and 
analyzed, including blood (n=1565), urine (n=1089), 
sputum (n=869), tracheal aspirate (n=95), wound swab 
(n=67), eye swab (n=24), throat swab (n=12), umbilical 
discharge (n=11), ear swab (n=3), and high vaginal 
swab data (n=1). The positive microbiological cultures 
of these specimens were retrieved and analyzed. Only 
patient specimens with complete information were 
recorded and included in the data analysis. Additional 
isolates from the same specimens were excluded. 

Isolation and identification of pathogens. The 
hospital microbiology laboratory received the clinical 
specimens and processed them according to the 
standard operating procedures for the isolation and 
identification of possible pathogens.16 Depending on 
the origin of the samples, each clinical specimen was 
cultured on blood agar, (Oxoid, Basingstoke, United 
Kingdom) MacConkey agar (Oxoid, Basingstoke, 
United Kingdom), chocolate blood  agar (Oxoid, 
Basingstoke, United Kingdom), or brain heart infusion 
broth (Oxoid, Basingstoke, United Kingdom). They 
were then incubated aerobically at 37°C for 24 to 48 
hours except for the blood culture, which was incubated 
for 5 to 7 days. 

Preliminary identification of some isolates was 
performed based on the colonial morphology, Gram 
stain, and routine rapid biochemical tests such as 
catalase, indole, and oxidase tests. Full identification of 
the isolate was then performed using the Phoenix system 
identification method (Becton Dickinson, Sparks, 
Maryland, USA).  The Phoenix panels were inoculated 
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as per the manufacturer’s guidelines. Depending on 
the site of infections and the types of specimens, the 
significant growth of each pathogen was identified and 
processed for antimicrobial susceptibility testing. 

Antimicrobial susceptibility testing. The 
susceptibility test of GNB was carried out according to 
the recommendations of the Clinical and Laboratory 
Standards Institute (CLSI).17-19 Identified strains were 
tested in vitro against several classes of antimicrobial 
drugs using the Phoenix automated microbiology 
system.20 The following antimicrobial agents were 
examined: amikacin (30 µg), aztreonam (30 µg), 
cefepime (30 µg), cefotaxime (30 µg), ceftazidime 
(30 µg), cefuroxime (30 µg), ciprofloxacin (5 µg), 
colistin (10 µg), gentamicin (10 µg), imipenem 
(10 µg), meropenem (10 µg), piperacillin (100 µg), 
piperacillin/tazobactam (110 µg), tobramycin (10 µg), 
and trimethoprim/sulfamethoxazole (23.75 µg/1.25 
µg). Quality control and maintenance were achieved 
according to the manufacturer’s guidelines. Multidrug-
resistant isolates were identified based on resistance to 
at least 3 different antimicrobial classes as described 
previously.21

Statistical analysis. The Statistical Package for Social 
Sciences (SPSS version 22)(Armonk, NY: IBM Corp.) 
was used for data entry and analysis. The distribution 
of bacterial isolates and their resistance patterns across 
different ICUs, age groups, and genders were expressed as 
proportions. Susceptibility test results were classified as 
“resistant” or “susceptible.” Missing data were excluded 
from the analysis. The MDR patterns of the isolates 
were compared between ICUs and across 5 patient age 
categories: infants (>0.0 days to 1 year), children (>1 to 

18 years), young adults (>19 to 39 years), adults (40 to 
64 years), and the elderly (>65 years). A Chi-squared test 
was used to compare every 2 variables with a p-value less 
than or equal 0.05 considered as statistically significant.

Results. Bacterial isolates. Of the 3736 non-duplicate 
specimens cultured for possible pathogens, 9.6% (358) 
yielded significant growth for various microorganisms. 
Wound swabs yielded the highest culture positivity 
(n=21/67; 31.3%), followed by sputum (n=188/869; 
21.6%), tracheal aspirates (n=19/95; 20%), umbilical 
swabs (n=1/11; 9.1%) throat and eye swabs (n=1/11; 
8.3% for each), urine (n=30/1089; 2.8%) and blood 
(n=28/1565; 1.8%). 

Gram-negative bacteria  constituted 81% (290/358) 
of the isolates, while 15.9% (57/358) were Gram-
positive cocci, and 3.1% (11/358) were yeast cells. The 
majority of GNB was recovered from male patients 
(n=173; 59.7%). Elderly patients (n=128; 44.1%) were 
the most commonly infected group, followed by young 
adults (n=85; 29.3%), adults (n=37; 12.8%), infants 
(n=30; 10.3%), and children (n=10; 3.4%). 

Table 1 summarizes the distribution of GNB 
(n=290) recovered from various clinical specimens 
of ICU patients. Most of the isolates were recovered 
from samples of sputum (n=188), urine (n=30), blood 
(n=28), and wound sites (n=21). Acinetobacter spp. were 
the predominant isolates (n=79; 27.2%), followed by 
P. aeruginosa (n=69; 23.8%) and K. pneumoniae (n=54; 
18.6%). 

Figure 1 shows the distribution of isolates according 
to the type of ICU. In the general ICU, Acinetobacter 
spp. were the predominant pathogens, followed by 

Table 1 - Distribution of 290 Gram-negative isolates recovered from various clinical samples of patients at intensive care units.

Sample Total 
number 

of isolates

Number (%) of bacterial isolates per clinical samples

Acinetobacter 
spp.

P. aeruginosa K. pneumoniae E. coli Proteus mirabilis Other 
Gram-negative 

rods
Sputum 188 65 (34.6) 46 (24.5) 28 (14.9) 18   (9.6) 21 (11.2) 10   (5.3) 

Urine 30 7 (23.3) 11 (36.7) 6 (20.0) 5 (16.7) 0   (0.0) 1   (3.3) 

Blood 28 3 (10.7) 9  32.1) 6 (21.4) 4 (14.3) 2   (7.1) 4 (14.3) 

Wound 21 1   (4.8) 2   (9.5) 6 (28.6) 4 (19.0) 7 (33.3) 1   (4.8) 

TIP 19 3 (15.8) 1   (5.3) 6 (31.6) 5 (26.3) 0   (0.0) 4 (21.1) 

Throat swab 1 0   (0.0) 0   (0.0) 1  (100) 0   (0.0) 0   (0.0) 0   (0.0) 

Umbilical 1 0   (0.0) 0   (0.0) 0   (0.0) 0   (0.0) 0   (0.0) 1  (100) 

Eye swab 2 0   (0.0) 0   (0.0) 1 (50.0) 1 (50.0) 0   (0.0) 0   (0.0)

Total 290 79 (27.2) 69 (23.8) 54 (18.6) 37 (12.8) 30 (10.3) 21  (7.2) 

Tip - tracheal aspirate, Others Gram-negative rods include: Morganella morganii (n=7), Citrobacter freundii (n=1), 
Providencia stuartii (n=4), Enterobacter cloacae (n=3), Stenotrophomonas maltophilia (n=2), unidentified Gram-negative bacilli (n=4)

http://www.smj.org.sa/index.php/smj/index


1038

Emergence of multidrug resistance GNB in ICUs ... Ibrahim

Saudi Med J 2018; Vol. 39 (10)      www.smj.org.sa

Of all the isolates, E. coli had the lowest resistant rates 
to the tested antimicrobials. Acinetobacter spp. revealed 
high resistance rates ranging from 93.4% to 97.5% for 
all tested antimicrobial agents except for colistin. Among 
K. pneumoniae, the rates of resistance were counted 
71.8% for trimethoprim/sulfamethoxazole 71.4% for 
cefuroxime and cefotaxime; 67.3% for cefepime, 65.2% 
for aztreonam and 64.2% for piperacillin. Pseudomonas 
aeruginosa showed low to moderate resistance rates 

Table 2 - Proportions of antimicrobial resistance of Gram-negative isolates (n=290) recovered from patients at intensive care units at King Abdullah 
Hospital, Bisha province, Saudi Arabia.

Agent Number (%) of resistance rates per isolates Overall isolates
Acinetobacter 

spp.
Pseudomonas 

aeruginosa
Klebsiella 

pneumoniae
E. coli Proteus 

mirabilis
Others Gram-
negative bacilli

Amikacin  76/79 (96.2)  12/64 (18.8)  25/54 (46.3)  9/37 (24.3)  6/28 (21.4)  8/21 (38.1) 136/283 (48.1)

Aztreonam  77/79 (97.5)  34/64 (53.1)  30/46 (65.2) 10/30 (33.3)  10/25 (40.0)  9/19 (47.4) 170/263 (64.6)

Cefepime  77/79 (97.5)  32/60 (53.3)  35/52 (67.3) 14/34 (41.2)  14/28 (50.0)  19/20 (95.0) 191/273 (70.0)

Cefotaxime  76/78( 97.4)  37/58 (63.8)  35/49 (71.4) 12/31 (38.7)  15/29 (51.7)  19/21 (90.5) 194/266 (72.9)

Ceftazidime  77/79 (97.5)  28/67 (41.8)  35/52 (67.3) 11/33 (33.1)  10/29 (34.5) 17/21 (81.0) 178/281 (63.3)

Cefuroxime  76/78 (97.4)  37/56 (66.1)  35/49 (71.4) 13/28 (46.5)  17/29 (58.6)  19/20 (95.0) 197/260 (75.8)

Ciprofloxacin  77/79 (97.5)  24/64 (37.5) 26/51 (51.0) 12/31 (38.7)  14/27 (51.9)  13/18 (72.2) 166/270 (61.5)

Colistin  3/75   (4.0) 3/10 (30.0) 0/14   (0.0) 0/4   (0.0) 2/2 (100)  0/1   (0.0) 8/106   (7.5)

Gentamicin  76/79 ( 96.2)  29/63 (31.7)  24/49 (49.0) 11/35 (31.4)  12/28 (42.9) 9/20 (45.0) 152/274 (55.5)

Imipenem  77/79 (97.5)  26/68 (38.2)  21/51 (41.2) 7/37 (18.9)  12/27 (44.4)  9/20 (45.0) 152/282 (53.9)

Meropenem  75/78 (96.2)  32/61 (52.5)  22/47 (46.8) 8/28 (28.6)  5/25 (20.0)  5/21 (23.8) 147/260 (56.5)

Piperacillin  77/79  (97.5)  33/68 (48.5)  34/53 (64.2) 15/36 (41.7)  9/28 (32.1)  9/21 (42.9) 177/285 (62.1)

Piperacillin/
tazobactam

 77/79 (97.5)  31/67 (46.3)  31/51 (60.8) 11/33 (33.3)  9/27 (33.3)  5/21 (23.8) 164/278 (59.0)

Tobramycin  76/79 (96.2) 13/65 (20.0)  26/48 (54.2) 11/36 (30.6)  11/28 (39.3)  9/21 (42.9) 146/277 (52.7)

Trimethoprim/
Sulfamethoxazole

 71/76 (93.4) -  28/39 (71.8) 9/21 (42.9) 20/23 (87.0)  10/18 (55.6) 138/177 (79.0)

Others Gram-negative rods include: Morganella morganii (n=7), Citrobacter freundii (n=1), Providencia stuartii (n=4), Enterobacter cloacae (n=3), 
Stenotrophomonas maltophilia (n=2), Unidentified Gram-negative bacilli (n=4)

Figure 1 - Frequency of Gram-negative pathogens among 3 intensive care units (general ICU, neonatal 
ICU and coronary care unit. Others Gram-negative rods include: Morganella morganii 
(n=7), Citrobacter freundii (n=1), Providencia stuartii (n=4), Enterobacter cloacae (n=3), 
Stenotrophomonas maltophilia (n=2), Unidentified Gram-negative bacilli (n=4).

P. aeruginosa and K. pneumoniae. Klebsiella pneumoniae 
was the most frequent isolate from the NICU and CCU. 

Antimicrobial susceptibility of the isolates. Table 2 
summarizes susceptibility of GNB to several types of 
antimicrobial drugs. Overall, the highest resistant rate 
was found for trimethoprim/sulfamethoxazole (79%) 
followed by cefotaxime (72.9%), cefepime (70%) and 
aztreonam (64.6%). The lowest resistance rate was 
reported for colistin (7.5%). 
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Figure 2 - Frequency of multidrug-resistant (MDR) Gram-negative bacteria (n=290) 
recovered from patients of all age groups at intensive care units. Others Gram-
negative rods include: Morganella morganii (n=7), Citrobacter freundii (n=1), 
Providencia stuartii (n=4), Enterobacter cloacae (n=3), Stenotrophomonas maltophilia 
(n=2), Unidentified Gram-negative bacilli (n=4).  

Table 3 - Comparison of antimicrobial resistance rates of Gram-negative pathogens collected from 
patients at three intensive care units, King Abdullah Hospital, Bisha, Saudi Arabia.

Agent Number  (%) of resistance rates 
per intensive care unit

P-value

General ICU CCU NICU
Amikacin 118/239 (49.4) 7/14 (50.0) 11/30 (36.7) 0.418
Aztreonam 147/227 (64.8) 7/13 (53.8) 16/23 (69.6) 0.635
Cefepime 159/230 (69.1) 8/14 (57.1) 24/29 (82.8) 0.180
Cefotaxime 165/228 (72.4) 8/13 (61.5) 21/25 (84.0) 0.295
Ceftazidime 150/241 (62.2) 8/14 (57.1) 20/26 (76.9) 0.298
Cefuroxime 168/222 (75.7) 8/13 (61.5) 21/25 (84.0) 0.308
Ciprofloxacin 150/232 (64.7) 9/14 (64.3) 7/24 (29.2) 0.003
Colistin 6/97   (6.2) 0/6   (0.0) 0/3   (0.0) 0.744
Gentamicin 133/233 (57.1) 7/14 (50.0) 12/27 (45.5) 0.418
Imipenem 139/239 (58.2) 6/14 (42.9) 7/29 (24.1) 0.002
Meropenem 127/224 (56.7) 7/13 (53.8) 13/23 (56.5) 0.980
Piperacillin 146/243 (60.1) 9/14 (64.3) 22/28 (78.6) 0.159
Piperacillin/
tazobactam

139/237 (58.6) 8/14 (57.1) 17/27 (63.0) 0.902

Tobramycin 124/235 (52.8) 7/14 (50.0) 15/28 (53.6) 0.975
Trimethoprim/
Sulfamethoxazole

146/192 (76.0) 6/11(54.5) 11/19 (57.9) 0.081

ICU - intensive care unit, CCU - coronary care unit, NICU - neonatal care unit

for aminoglycosides (18.8% for amikacin; 20% for 
tobramycin, 31.7% for gentamicin). But, increasing 
resistance rates were observed to cephalosporins, 
aztreonam, meropenem, piperacillin, and piperacillin/
tazobactam. 

Proteus mirabilis showed the highest resistance 
rates for trimethoprim/sulfamethoxazole (87%) and 
cefuroxime (58.6%). Other GNB such as Morganella 
morganii, Citrobacter freundii, Providencia stuartii, 

Enterobacter cloacae, Stenotrophomonas maltophilia, and 
unidentified GNB revealed the highest resistance rates 
for cephalosporins (80% to 95%) and ciprofloxacin 
(72.2%). 

Table 3 summarizes the antimicrobial susceptibility 
rates of the isolates recovered from the 3 ICUs. There 
were no significant differences in resistance rates of the 
isolates collected from the 3 ICUs except for imipenem 
(p=0.002) and ciprofloxacin (p=0.003). Gram-negative 
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isolates from the NICU were more susceptible to 
imipenem (75.9%) and ciprofloxacin (71.8%).

Multidrug-resistance phenotype. Of a total of 290 
Gram-negative isolates, 67.9% exhibited the MDR 
phenotype.  Acinetobacter spp. yielded the highest rates 
of MDR patterns (n=77/79; 97.5%) (Figure 2). Multi-
drug-resistant patterns differed significantly according 
to the patient age (p=0.045). Isolates from elderly 
patients (age more than 60 years old) were more resistant 
to antimicrobial drugs when compared to isolates from 
other age groups (Figure 3). There was no statistically 
significant association (p=0.563) between the presence 
of MDR isolates and type of ICU. 

Discussion. Intensive care units are becoming 
main reservoirs of resistant pathogens that constitute a 
challenge for clinical practice and hospital authorities.2 
Thus far, there has been no published information on 
antimicrobial resistance patterns for GNB in ICUs at 
King Abdullah Hospital, Bisha Province, Saudi Arabia. 

In the present study, the majority of bacterial 
pathogens were recovered from male patients. The 
possible explanation might be that ICUs in this hospital 
is predominantly populated with infected male patients 
than female patients. Moreover, most of the isolates 
were recovered from the respiratory system. This 
result agrees with a previous study in Riyadh capital, 
where the majority of bacterial isolates recovered from 
ICU patients were also from the respiratory tract.22 

Surveillance studies in ICUs also indicated that the 
majority of bacterial isolates were from the respiratory 
tract.5,9 Our findings might indicate that respiratory 
infections are the most common in our ICUs. 

The most commonly isolated pathogens in this 
study were Acinetobacter spp. (27.2%) followed by 

P. aeruginosa (23.8%) and K. pneumoniae (18.6%). 
These figures could be compared with those reported 
in a retrospective cohort study conducted at Riyadh 
Military Hospital, where A. baumannii represented 
40.9% of all ICU isolates, followed by  K. pneumoniae 
(19.4%) and  P. aeruginosa (16.3%).22 Consistently, 
such GNB isolates were the most frequent pathogens 
in 6 years of epidemiologic surveillance in Saudi Arabia 
for ventilator-associated pneumonia at a tertiary-care 
ICU.23 The predominance of GNB in ICUs was also 
reported in surveillance programs conducted in Europe 
and the USA.10,24 The spread of these etiological agents 
might be linked to contaminated respiratory equipment 
and transmission via the hands of healthcare workers 
in ICU settings. Therefore, the transmission of GNB 
in ICUs could be prevented through reinforcing 
appropriate control measures coupled with examination 
of the rate of bacterial contamination of the hands of 
healthcare workers and the ICU environment.25 

In the present study, Acinetobacter spp. demonstrated 
high resistance rates for carbapenems such as imipenem 
(97.5%) and meropenem (96.2%). The high resistant 
rates pose a major concern in our ICU as carbapenems 
are the drug of choice for Acinetobacter infections. 
Our findings suggest the existence of carbapenemase-
producing strains, which has also been reported in other 
studies in Saudi Arabia and Gulf Cooperation Council 
States.26,27 However, determining the carbapenem-
resistance mechanisms could lead to improvements in 
the outcomes of infections caused by these bacteria.26 

Heavy uses of antimicrobial agents and invasive 
procedures have been found to be risk factors for 
the acquisition of antimicrobial-resistant pathogens 
in ICUs.5,28,29 The role of healthcare workers in the 
transmission of environmental Acinetobacter clones 

Figure 3 - Frequency of multidrug-resistant (MDR) Gram-negative bacteria (n=290) recovered 
from patients of all age groups at intensive care units.
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within the ICU has been reported in a previous study 
in Saudi Arabia.30

Our results showed that more than 60% of 
K. pneumoniae isolates were resistant to cephalosporins, 
trimethoprim/sulfamethoxazole, aztreonam, 
piperacillin, and piperacillin/tazobactam. The 
resistance rates for aminoglycosides, carbapenems, and 
ciprofloxacin remained between 40 and 55%. In another 
setting in Saudi Arabia, K. pneumoniae demonstrated 
the highest resistance rates for ceftriaxone (59.4%), 
aztreonam (58.3%), and ceftazidime (58.3%). Higher 
usage of broad-spectrum cephalosporins increases the 
prevalence of resistant bacteria in ICU.31 The extensive 
use of these agents also promotes the emergence of 
extended-spectrum beta-lactamase (ESBL) and AmpC 
beta-lactamase producing isolates.32 The dissemination 
of K. pneumoniae and E. coli isolates harboring diverse 
resistant beta-lactamase resistance genes has been studied 
previously, which revealed resistance to cephalosporins 
and other antimicrobial classes.33,34

In the present study, P. aeruginosa demonstrated 
good susceptibility to amikacin (81.2%), gentamicin 
(68.3%), and imipenem (61.8%). In the USA and 
Europe, amikacin  exhibited good activity against 
P. aeruginosa strains from ICU patients (97.3% in the 
USA and 84.9% in EU).10 Furthermore, Radji et al 
found that amikacin was the most effective (84.4%) 
antibiotic against P. aeruginosa isolated from patients at 
ICU in a hospital in Indonesia, followed by imipenem 
(81.2%), and meropenem (75.0%).1 

The presence of diverse resistant pathogens is an 
emerging clinical problem in ICUs, including neonatal, 
pediatric, and various adult critical care units.9 In the 
comparison between the isolates from the 3 ICUs, we 
found that Acinetobacter spp. are the most frequent 
isolates from the adult ICU, whereas K. pneumoniae is 
the predominant isolate from the CCU and NICU. In 
contrast, reports from African countries and India found 
that Staphylococcus spp. were the predominant isolates 
from patients in the pediatric ICU and NICU.29,35,36 
The spread of such diverse pathogens could be explained 
by horizontal transmission from colonized visitors or 
healthcare workers to the pediatric population in the 
ICU.36 

As in previous studies,29,35 our findings revealed 
high resistance rates among isolates from the 3 different 
ICUs. However, significantly higher resistance rates 
were recorded among isolates from the general ICU 
than the NICU for imipenem and ciprofloxacin. A 
possible explanation might be the extensive use of these 
drugs in the general ICU. However, fluoroquinolones 
are not used in our pediatric ICU. One study indicated 

that carbapenems such as imipenem remain a reliable 
option for the treatment of severe infections caused by 
GNB in the pediatric population.37 

The proportion of MDR among GNB was high 
(67.9%), and this finding agrees with studies from an 
eastern province of Saudi Arabia38 and elsewhere.8,9 
The MDR rates are questionable, particularly for 
Acinetobacter spp. (97.5%), which makes ICU infections 
caused by GNB difficult to treat in our setting. A study 
in the similar southern region of the country at Aseer 
Central Hospital, Abha, found that non-compliance 
with hand hygiene among healthcare workers spread 
MDR strains from patient to patient in ICUs.39 
Furthermore, cross infections among inpatients, ICU 
procedures, and patients with chronic disease have led 
to the emergence of MDR strains in ICUs.9,22 Prolonged 
hospital ICU admission coupled with unnecessary 
antibiotic administration might also increase the spread 
of MDR pathogens. Therefore, the common risk 
factors that could be associated with escalating MDR 
patterns among ICU pathogens should be defined 
in our hospital. In a recent study in Saudi Arabia,38 
elderly patients tended to acquire more MDR isolates 
than other age groups. A weakened immune system 
associated with chronic illness among older patients was 
found to be a risk factor for the acquisition of MDR 
pathogens.28

Study limitations. The present study has several 
limitations need to be addressed in the future researches. 
Firstly, some clinical data were missed or incomplete, 
leading to exclude several clinical specimens from the 
study. Secondly, identifications of MDR isolates were 
based on the limited number of antimicrobial classes 
that prescribed in the hospital. Thirdly, the number 
of clinical isolates from CCU and NICU were small 
compared to general ICU isolates which leading to 
restrict the statistical analysis. Fourthly, the frequency 
of ESBL producing GNB was not reported which 
need further investigations to determine such resistant 
mechanisms. 

In conclusion, this study revealed that Acinetobacter 
spp., P. aeruginosa, and K. pneumoniae are the most 
common GNB associated with ICU infections in this 
tertiary hospital.  Isolates from different ICUs showed 
high resistance rates to most antimicrobial agents, and 
most of them (67.9%) exhibited MDR patterns, with 
the highest frequency occurring among Acinetobacter 
spp. (97.7%). The high rates of antimicrobial resistance 
are a critical condition that calls for comprehensive 
surveillance programs to track the origins and emergence 
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pathways of resistant pathogens. Developing local 
antimicrobial stewardship programs and continuous 
monitoring of antimicrobial susceptibility might be 
useful to preclude inappropriate antimicrobial use and 
the emergence of antimicrobial resistance patterns.

References
  
  1. Radji M, Fauziah S, Aribinuko N. Antibiotic sensitivity pattern 

of bacterial pathogens in the intensive care unit of Fatmawati 
Hospital, Indonesia. Asian Pac J Trop Biomed 2011; 1: 39-42.

  2. Maseda E, Mensa J, Valia JC, Gomez-Herreras JI, Ramasco F, 
Samso E, et al. Bugs, hosts and ICU environment: countering 
pan-resistance in nosocomial microbiota and treating bacterial 
infections in the critical care setting. Rev Esp Anestesiol Reanim 
2014; 61: e1-e19.

  3. Mulu W, Abera B, Yimer M, Hailu T, Ayele H, Abate D. 
Bacterial agents and antibiotic resistance profiles of infections 
from different sites that occurred among patients at Debre 
Markos Referral Hospital, Ethiopia: A cross-sectional study. 
BMC Res Notes 2017; 10: 1-9.

  4. Yoon B Il, Kim HS, Kim SD, Cho KJ, Kim SW, Ha US, et 
al. Changes in bacterial species and antibiotic sensitivity in 
intensive care unit: Acquired urinary tract infection during 10 
years interval (2001-2011). Urol J 2014; 11: 1478-1484.

  5. Sahu M, Siddharth B, Choudhury A, Vishnubhatla S, Singh 
S, Menon R, et al. Incidence, microbiological profile of 
nosocomial infections, and their antibiotic resistance patterns 
in a high volume cardiac surgical intensive care unit. Ann Card 
Anaesth 2016; 19: 281.

  6. Ismail A, El-Hage-Sleiman AK, Majdalani M, Hanna-Wakim 
R, Kanj S, Sharara-Chami R. Device-associated infections in 
the pediatric intensive care unit at the American University of 
Beirut Medical Center. J Infect Dev Ctries 2016; 10: 554.

  7. Mahfouz AA, Al-Azraqi TA, Abbag FI, Al-Gamal MN, Seef S, 
Bello CS. Nosocomial infections in a neonatal intensive care 
unit in south-western Saudi Arabia. East Mediterr Health J 
2010; 16: 40-44.

  8. Llaca-Díaz JM, Mendoza-Olazarán S, Camacho-Ortiz A, Flores 
S, Garza-González E. One-year surveillance of escape pathogens 
in an intensive care unit of Monterrey Mexico. Chemotherapy 
2013; 58: 475-481.

  9. Moolchandani K, Sastry AS, Deepashree R, Sistla S, Harish 
BN, Mandal J. Antimicrobial resistance surveillance among 
intensive care units of a tertiary care hospital in South India. J 
Clin Diagnostic Res 2017; 11: DC01-DC07.

10.  Sader HS, Farrell DJ, Flamm RK, Jones RN. Antimicrobial 
susceptibility of Gram-negative organisms isolated from 
patients hospitalized in intensive care units in United States and 
European hospitals (2009-2011). Diagn Microbiol Infect Dis 
2014; 78: 443-448.

11.  Amer MR, Akhras NS, Mahmood WA, Al-Jazairi AS. 
Antimicrobial stewardship program implementation in a 
medical intensive care unit at a tertiary care hospital in Saudi 
Arabia. Ann Saudi Med 2013; 33: 547-554.

12.  Shorman M, Al-Tawfiq JA. Risk factors associated with 
vancomycin-resistant enterococcus in intensive care unit 
settings in Saudi Arabia. Interdiscip Perspect Infect Dis 2013; 
2013: 369674.

13.  Somily AM, Alsubaie SS, BinSaeed AA, Torchyan AA, Alzamil 
FA, Al-Aska AI, et al. Extended-spectrum beta-lactamase-
producing Klebsiella pneumoniae in the neonatal  intensive care 
unit: does vancomycin play a role? Am J Infect Control 2014; 
42: 277-282.

14.  Oydanich M, Dingle TC, Hamula CL, Ghisa C, Asbell P. 
Retrospective report of antimicrobial susceptibility observed in 
bacterial pathogens isolated from ocular samples at Mount Sinai 
Hospital, 2010 to 2015. Antimicrob Resist Infect Control 2017; 
6: 1-9.

15.  Poorabbas B, Mardaneh J, Rezaei Z, Kalani M, Pouladfar 
G, Alami MH, et al. Nosocomial infections: Multicenter 
surveillance of antimicrobial resistance profile of Staphylococcus 
aureus and Gram negative rods isolated from blood and other 
sterile body fluids in Iran. Iran J Microbiol 2015; 7: 127-135.

16. Cheesbrough M. District laboratory practice in tropical 
countries Part II. 2nd ed. Cambridge (UK): Cambridge 
University Press; 2006.

17.  Clinical and Laboratory Standards Institute. Methods for 
dilution antimicrobial susceptibility tests for bacteria that 
grow aerobically. 8th ed. Wayne (PA): Clinical and Laboratory 
Standards Institute M07-A8; 2010.

18.  Hindler JA, Humphries RM. Colistin MIC variability by 
method for contemporary clinical isolates of multidrug-resistant 
gram-negative bacilli. J Clin Microbiol 2013; 51: 1678-1684.

19.  Clinical and Laboratory Standards Institute. Performance 
Standards for Antimicrobial Susceptibility Testing; Twenty-Fifth 
Informational Supplement. Wayne (PA), USA: M100-S25; 
2015.

20.  Morosini MI, Garcia-Castillo M, Canton R. Assessment of the 
Phoenix system and EUCAST breakpoints for antimicrobial 
susceptibility testing against contemporary isolates expressing 
relevant resistance mechanisms. Clin Microbiol Infect 2010; 16: 
S134.

21.  Ibrahim ME, Magzoub MA, Bilal NE, Hamid ME. Distribution 
of Class I integrons and their effect on the prevalence of 
multi-drug resistant Escherichia coli clinical isolates from Sudan. 
Saudi Med J 2013; 34: 240-247.

22.  Saeed NK, Kambal AM, El-Khizzi NA. Antimicrobial-resistant 
bacteria in a general intensive care unit in Saudi Arabia. Saudi 
Med J 2010; 31: 1341-1349.

23. Al-Dorzi HM, El-Saed A, Rishu AH, Balkhy HH, Memish ZA, 
Arabi YM. The results of a 6-year epidemiologic surveillance for 
ventilator-associated pneumonia at a tertiary care intensive care 
unit in Saudi Arabia. Am J Infect Control 2012; 40: 794-799.

24.  Luna CM, Rodriguez-Noriega E, Bavestrello L, Guzmán-
Blanco M. Gram-negative infections in adult intensive care 
units of Latin America and the Caribbean. Crit Care Res Pract 
2014; 2014: 480463.

25.  Tajeddin E, Rashidan M, Razaghi M, Javadi SSS, Sherafat 
SJ, Alebouyeh M, et al. The role of the intensive care unit 
environment and health-care workers in the transmission of 
bacteria associated with hospital acquired infections. J Infect 
Public Health 2016; 9: 13-23.

26.  Memish ZA, Assiri A, Almasri M, Roshdy H, Hathout H, 
Kaase M, et al. Molecular characterization of carbapenemase 
production among gram-negative bacteria in Saudi Arabia. 
Microb Drug Resist 2015; 21: 307–314.

27.  Zowawi HM, Sartor AL, Sidjabat HE, Balkhy HH, Walsh 
TR, Al Johani SM, et al. Molecular epidemiology of 
carbapenem-resistant Acinetobacter baumannii isolates in the 
Gulf Cooperation Council States: dominance of OXA-23-type 
producers. J Clin Microbiol 2015; 53: 896-903.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/23569722
https://www.ncbi.nlm.nih.gov/pubmed/23569722
https://www.ncbi.nlm.nih.gov/pubmed/23569722
https://www.ncbi.nlm.nih.gov/pubmed/24492197
https://www.ncbi.nlm.nih.gov/pubmed/24492197
https://www.ncbi.nlm.nih.gov/pubmed/24492197
https://www.ncbi.nlm.nih.gov/pubmed/24492197
https://www.ncbi.nlm.nih.gov/pubmed/24492197
https://www.ncbi.nlm.nih.gov/pubmed/28683780
https://www.ncbi.nlm.nih.gov/pubmed/28683780
https://www.ncbi.nlm.nih.gov/pubmed/28683780
https://www.ncbi.nlm.nih.gov/pubmed/28683780
https://www.ncbi.nlm.nih.gov/pubmed/28683780
https://www.ncbi.nlm.nih.gov/pubmed/27052070
https://www.ncbi.nlm.nih.gov/pubmed/27052070
https://www.ncbi.nlm.nih.gov/pubmed/27052070
https://www.ncbi.nlm.nih.gov/pubmed/27052070
https://www.ncbi.nlm.nih.gov/pubmed/27052070
https://www.ncbi.nlm.nih.gov/pubmed/27367002
https://www.ncbi.nlm.nih.gov/pubmed/27367002
https://www.ncbi.nlm.nih.gov/pubmed/27367002
https://www.ncbi.nlm.nih.gov/pubmed/27367002
https://www.ncbi.nlm.nih.gov/pubmed/20214156
https://www.ncbi.nlm.nih.gov/pubmed/20214156
https://www.ncbi.nlm.nih.gov/pubmed/20214156
https://www.ncbi.nlm.nih.gov/pubmed/20214156
https://www.ncbi.nlm.nih.gov/pubmed/23548324
https://www.ncbi.nlm.nih.gov/pubmed/23548324
https://www.ncbi.nlm.nih.gov/pubmed/23548324
https://www.ncbi.nlm.nih.gov/pubmed/23548324
https://www.ncbi.nlm.nih.gov/pubmed/28384858
https://www.ncbi.nlm.nih.gov/pubmed/28384858
https://www.ncbi.nlm.nih.gov/pubmed/28384858
https://www.ncbi.nlm.nih.gov/pubmed/28384858
https://www.ncbi.nlm.nih.gov/pubmed/24492025
https://www.ncbi.nlm.nih.gov/pubmed/24492025
https://www.ncbi.nlm.nih.gov/pubmed/24492025
https://www.ncbi.nlm.nih.gov/pubmed/24492025
https://www.ncbi.nlm.nih.gov/pubmed/24492025
https://www.ncbi.nlm.nih.gov/pubmed/24413857
https://www.ncbi.nlm.nih.gov/pubmed/24413857
https://www.ncbi.nlm.nih.gov/pubmed/24413857
https://www.ncbi.nlm.nih.gov/pubmed/24413857
https://www.ncbi.nlm.nih.gov/pubmed/24027580
https://www.ncbi.nlm.nih.gov/pubmed/24027580
https://www.ncbi.nlm.nih.gov/pubmed/24027580
https://www.ncbi.nlm.nih.gov/pubmed/24027580
https://www.ncbi.nlm.nih.gov/pubmed/24581016
https://www.ncbi.nlm.nih.gov/pubmed/24581016
https://www.ncbi.nlm.nih.gov/pubmed/24581016
https://www.ncbi.nlm.nih.gov/pubmed/24581016
https://www.ncbi.nlm.nih.gov/pubmed/24581016
https://www.ncbi.nlm.nih.gov/pubmed/28344783
https://www.ncbi.nlm.nih.gov/pubmed/28344783
https://www.ncbi.nlm.nih.gov/pubmed/28344783
https://www.ncbi.nlm.nih.gov/pubmed/28344783
https://www.ncbi.nlm.nih.gov/pubmed/28344783
http://ijm.tums.ac.ir/index.php/ijm/article/view/812
http://ijm.tums.ac.ir/index.php/ijm/article/view/812
http://ijm.tums.ac.ir/index.php/ijm/article/view/812
http://ijm.tums.ac.ir/index.php/ijm/article/view/812
http://ijm.tums.ac.ir/index.php/ijm/article/view/812
https://www.ncbi.nlm.nih.gov/pubmed/23486719
https://www.ncbi.nlm.nih.gov/pubmed/23486719
https://www.ncbi.nlm.nih.gov/pubmed/23486719
https://www.ncbi.nlm.nih.gov/pubmed/22909279
https://www.ncbi.nlm.nih.gov/pubmed/22909279
https://www.ncbi.nlm.nih.gov/pubmed/22909279
https://www.ncbi.nlm.nih.gov/pubmed/22909279
https://www.ncbi.nlm.nih.gov/pubmed/22909279
https://www.ncbi.nlm.nih.gov/pubmed/23475087
https://www.ncbi.nlm.nih.gov/pubmed/23475087
https://www.ncbi.nlm.nih.gov/pubmed/23475087
https://www.ncbi.nlm.nih.gov/pubmed/23475087
https://www.ncbi.nlm.nih.gov/pubmed/21135998
https://www.ncbi.nlm.nih.gov/pubmed/21135998
https://www.ncbi.nlm.nih.gov/pubmed/21135998
https://www.ncbi.nlm.nih.gov/pubmed/22317860
https://www.ncbi.nlm.nih.gov/pubmed/22317860
https://www.ncbi.nlm.nih.gov/pubmed/22317860
https://www.ncbi.nlm.nih.gov/pubmed/22317860
https://www.hindawi.com/journals/ccrp/2014/480463/
https://www.hindawi.com/journals/ccrp/2014/480463/
https://www.hindawi.com/journals/ccrp/2014/480463/
https://www.hindawi.com/journals/ccrp/2014/480463/
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/26117707
https://www.ncbi.nlm.nih.gov/pubmed/25569024
https://www.ncbi.nlm.nih.gov/pubmed/25569024
https://www.ncbi.nlm.nih.gov/pubmed/25569024
https://www.ncbi.nlm.nih.gov/pubmed/25569024
https://www.ncbi.nlm.nih.gov/pubmed/25568439
https://www.ncbi.nlm.nih.gov/pubmed/25568439
https://www.ncbi.nlm.nih.gov/pubmed/25568439
https://www.ncbi.nlm.nih.gov/pubmed/25568439
https://www.ncbi.nlm.nih.gov/pubmed/25568439


1043 www.smj.org.sa    Saudi Med J 2018; Vol. 39 (10)

Emergence of multidrug resistance GNB in ICUs ... Ibrahim

28.  Gupta N, Gandham N, Jadhav S, Mishra RN. Isolation and 
identification of Acinetobacter species with special reference to 
antibiotic resistance. J Nat Sci Biol Med 2015; 6: 159-162.

29.  Moremi N, Claus H, Mshana SE. Antimicrobial resistance 
pattern: A report of microbiological cultures at a tertiary 
hospital in Tanzania. BMC Infect Dis 2016; 16: 1-7.

30.  Senok A, Garaween G, Raji A, Khubnani H, Sing GK, Shibl A. 
Genetic relatedness of clinical and environmental Acinetobacter 
baumanii isolates from an intensive care unit outbreak. J Infect 
Dev Ctries 2015; 9: 665-669.

31.  Rodrigues Moreira M, Paula Guimarães M, Rodrigues AA de 
A, Gontijo Filho PP. Antimicrobial use, incidence, etiology 
and resistance patterns in bacteria causing ventilator-associated 
pneumonia in a clinical-surgical intensive care unit. Rev Soc 
Bras Med Trop 2013; 46: 39-44.

32.  Singla P. Co-production of ESBL and AmpC β-lactamases in 
clinical isolates of A. baumannii and A. lwoffii in a tertiary care 
hospital from Northern India. J Clin Diagnostic Res 2014; 8: 
8-11.

33.  Elkersh T, Marie MA, Al-Sheikh YA, Al Bloushy A, Al-Agamy 
MH. Prevalence of fecal carriage of extendedspectrum-and 
metallo-ß-lactamase-producing gram-negative bacteria among 
neonates born in a hospital setting in central Saudi Arabia. Ann 
Saudi Med 2015; 35: 240-247.

34.  Uz Zaman T, Aldrees M, Al Johani SM, Alrodayyan M, 
Aldughashem FA, Balkhy HH. Multi-drug Carbapenem-
resistant Klebsiella pneumoniae infection carrying the OXA-48 
gene and showing variations in outer membrane protein 36 
causing an outbreak in a tertiary care hospital in Riyadh, Saudi 
Arabia. Int J Infect Dis 2014; 28: 186-192.

35.  Morkel G, Bekker A, Marais BJ, Kirsten G, van Wyk J, 
Dramowski A. Bloodstream infections and antimicrobial 
resistance patterns in a South African neonatal intensive care 
unit. Paediatr Int Child Health 2014; 34: 108-114.

36.  Sharma P, Kaur P, Aggarwal A. Staphylococcus aureus- the 
predominant pathogen in the neonatal ICU of a tertiary care 
hospital in Amritsar, India. J Clin Diagnostic Res 2013; 7: 
66-69.

37.  Bedenic B, Prahin E, Vranic-Ladavac M, Atalic V, Sviben M, 
Francula-Zaninovic S, et al. Antibiotic susceptibility of isolates 
from paediatric intensive care units in Zagreb. Med Glas 
(Zenica) 2014; 11: 72-79.

38.  Al Yousef SA. Surveillance of antibiotic-resistant bacteria in 
King Khalid hospital, Hafr Al-Batin, Saudi Arabia, during 
2013. Jundishapur J Microbiol 2016; 9: e19552.

39.  Mahfouz AA, El Gamal MN, Al-Azraqi TA. Hand hygiene 
non-compliance among intensive care unit health care workers 
in Aseer Central Hospital, South-Western Saudi Arabia. Int J 
Infect Dis 2013; 17: e729–e732.

http://www.smj.org.sa/index.php/smj/index
https://www.ncbi.nlm.nih.gov/pubmed/25810655
https://www.ncbi.nlm.nih.gov/pubmed/25810655
https://www.ncbi.nlm.nih.gov/pubmed/25810655
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5154146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5154146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5154146/
https://www.ncbi.nlm.nih.gov/pubmed/23563823
https://www.ncbi.nlm.nih.gov/pubmed/23563823
https://www.ncbi.nlm.nih.gov/pubmed/23563823
https://www.ncbi.nlm.nih.gov/pubmed/23563823
https://www.ncbi.nlm.nih.gov/pubmed/23563823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4064843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800892/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4800892/
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/25245001
https://www.ncbi.nlm.nih.gov/pubmed/24621234
https://www.ncbi.nlm.nih.gov/pubmed/24621234
https://www.ncbi.nlm.nih.gov/pubmed/24621234
https://www.ncbi.nlm.nih.gov/pubmed/24621234
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576753/
https://www.researchgate.net/publication/260094025_Antibiotic_susceptibility_of_isolates_from_paediatric_intensive_care_units_in_Zagreb
https://www.researchgate.net/publication/260094025_Antibiotic_susceptibility_of_isolates_from_paediatric_intensive_care_units_in_Zagreb
https://www.researchgate.net/publication/260094025_Antibiotic_susceptibility_of_isolates_from_paediatric_intensive_care_units_in_Zagreb
https://www.researchgate.net/publication/260094025_Antibiotic_susceptibility_of_isolates_from_paediatric_intensive_care_units_in_Zagreb
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5136423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5136423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5136423/
https://www.ncbi.nlm.nih.gov/pubmed/23602356
https://www.ncbi.nlm.nih.gov/pubmed/23602356
https://www.ncbi.nlm.nih.gov/pubmed/23602356
https://www.ncbi.nlm.nih.gov/pubmed/23602356

	Title
	Authors
	Affiliation
	ABSTRACT
	Methods
	Results
	Discussion
	References

