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Abstract
Resistance Trends and in vitro Activity of Tigecycline Against
Bacterial Pathogens Isolated from ICU Departments of
European-Gaza Hospital
Background: Emergence and spread of antimicrobial resistance among
bacterial pathogens has increased to worrying levels in recent years. Multi-drug
resistant (MDR) bacteria are known to cause life threatening infections
especially in Intensive Care Unit (ICU). Tigecycline is a newer glycycline
antibiotic considered as therapeutic option with promising broad spectrum of
activity against Gram positive and Gram negative bacteria.

Objective: The main objective was to study the resistance trends and to evaluate
the in vitro activity of tigecycline against the isolated bacterial pathogens from
the ICU departments of the European Gaza Hospital.

Material and method: Prospective cross-sectional study was performed on the
patients who were admitted to the ICU departments of the European Gaza
Hospital for nine months from May, 2015 to January, 2016. All the isolated
bacterial pathogens were diagnosed phenotypically and biochemically, tested
against tigecycline and most common used antibiotics by disc diffusion method
according to the Clinical and Laboratory Standards Institute guidelines.
Resistant isolates to tigecycline were further confirmed using E-test according to
the US Food and Drug Administration (FDA) breakpoints and manufacturer's
instructions respectively.

Results: A total of 90 clinically significant isolates obtained from various
clinical specimens from ICU patients were included in the study. The isolated
organisms include methicillin resistant Staphylococcus aureus (MRSA) (n=11),
XIII

Streptococcus spp. (n=4), Klebsiella pneumoniae (n=24), Acinetobacter
baumannii (n=21), Klebsiella oxytoca (n=2), Pseudomonas aeruginosa (n=16),
E. coli (n=4), Morganella morganii (n=2), Proteus mirabilis (n=2),
Enterobacter cloacae (n=2), Alcaligenes spp. (n=1) and Serratia spp. (n=1).
Most of the isolated pathogens were MDR and the overall susceptibility to
tigecycline were observed in 57(63.3%) isolates, while 5(5.6%) isolates were
intermediate and 28(31.1%) were resistant. Tigecycline exhibited 100% activity
against all gram-positive isolates including MRSA. Besides tigecycline, the
most effective agents against MRSA were meropenem (81.8%) and amikacin
(72.7%). In addition, tigecycline was also very effective against most members
of the Enterobacteriaceae, while E. coli isolates were 100% susceptible to
tigecycline, along with amikacin and pipracillin/tazobactam. K. pneumoniae
isolates

were

80%

susceptible

to

tigecycline,

amikacin

and

pipracillin/tazobactam, while meropenem was less active (62.5%). Yet, the two
K. oxytoca isolates were susceptible to tigecycline, meropenem and amikacin.
Surprisingly, high resistance rate against tigecycline was observed among P.
aeruginosa and A. baumannii isolates with resistance rate reach 81.3% and
33.3% respectively. However, amikacin and meropenem were found to be the
most effective drugs agents P. aeruginosa. On the other hand, A. baumannii
isolates exhibited high resistance to common used antimicrobial agents,
including the carbapenem drug, meropenem were more than half found to be
resistant (52.3%). Finally, Alcaligenes spp. and P. mirabilis were 100% resistant
to tigecycline, Morganella morganii and Enterobacter cloacae were 50%
susceptible to tigecycline and

Serratia spp. was 100% susceptible to

tigecycline.

CONCLUSION: Tigecycline was active against all Gram positive isolates and
to a lesser degree against Gram negative. Most of Enterobacteriaceae members
and other Gram negative were MDR. A high resistance rate to tigecycline was
XIV

observed among P. aeruginosa and A. baumannii isolates. This new antibiotic is
a promising agent which may have an important role in the therapy of infections
caused by MDR Gram-positive and Gram-negative bacteria isolated in ICU
departments of European Gaza Hospital.

Keywords: Tigecycline, European Gaza Hospital, ICU departments, MDR,
Antimicrobial resistance, Gaza strip
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دراسة مدى استجابة البكتيريا الممرضة المعزولة من اقسام العناية المكثفة بمستشفى
غزة األوروبي تجاه عقار التيغيسيكلين .

خالل السنوات الماضية ازدادت نسبة ظهور وانتشار السالالت البكتيرية الممرضة شديدة المقاومة
للمضادات الحيوية الى مستويات مقلقة ومن المعروف ان االلتهابات الناجمة عن البكتيريا المقاومة للعديد
من المضادات الحيوية اصبحت تشكل تهديدا ً لحياة المرضى خصوصا ً مرضى العنايات المكثفة .يعتبر
عقار التيغيسيكلين احد المضادات الحيوية الجديدة الحيوية واسعة الطيف والذى يمثل خيارا ً عالجيا ً واعدا ً
ضد العديد من الميكروبات موجة الجرام وسالبة الجرام.
إن الهدف األساسي لهذه الدراسة هو دراسة مدى مقاومة البكتيريا الممرضة المعزولة من اقسام العناية
المكثفة بمستشفى غزة األوروبي تجاه عقار التيغيسيكلين ومدى فعاليته ضد البكتيريا الممرضة خارج
الجسم.
هذه الدراسة هي دراسة استطالعية اجريت على المرضى الذين أدخلوا الى اقسام العنايات المكثفة في
مستشفى غزة األوروبي خالل تسعة اشهر من شهر مايو 2015وحتي شهر يناير ,2016كل البكتيريا
المعزولة تم تشخيصها من خالل الصفات المظهرية و الفحوصات الكيميائية وتم اختبار حساسية البكتيريا
المعزولة تجاه عقار التيغيسيكلين والمضادات الحيوية الشائعة االستخدام على سطح الطبق المشبع
بالبكتيريا المعزولة وذلك وفقا ً للمعايير المتبعة لمؤسسة المواصفات والمقاييس  ,في حين ان كل السالالت
المقاومة تم اعادة تأكيد فحصها بواسطة التركيز التدريجي وذلك طبقا ً لمواصفات منظمة الغذاء والدواء
االمريكية وطبقا لمواصفات الشركة المصنعة.
تم عزل  90ساللة بكتيرية من اقسام العناية المختلفة وتضمنت هذه العزالت  11عزلة من البكتيريا
العنقودية المقاومة للميثاسيلين و 4عزالت من البكتيريا السبحية و 24عزلة من كليبسيال االلتهاب الرئوي
و 21عزلة من بكتيريا الراكدة البومانية وعزلتان من بكتيريا  Morganella morganiiو عزلتان من
بكتيريا كليبسيال اوكسيتوكا و 16عزلة من بكتيريا الزائفة الزنجارية و 4عزالت من بكتيريا القولون
وعزلتان من بكتيريا المتقلبة الرائعة وعزلة واحدة من  Alcaligenesوعزلتان من البكتيريا االمعائية و
عزلة واحدة من بكتيريا السراتية.
معظم البكتيريا المعزولة كانت مقاومة للعديد من المضادات الحيوية ولقد كان عقار التيغيسيكلين فعاال في
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( 57)%63.3من البكتيريا المعزولة  5)5.6%(,ابدت مقاومة معتدلة و( 28)31.1%كانت مقاومة .
اظهر عقار التيغيسيكلين فعالية عالية بنسبة  %100تجاه كل البكتيريا موجبة الجرام بما في ذلك البكتيريا
العنقودية المضادة للميثاسيلين و البكتيريا العنقودية  .ايضا عقار الميروبينيم كان فعاال بنسبة  %81.8و
االميكاسين بنسبة  .% 72.75كذلك لوحظت فعالية جيدة لعقار التيغيسيكلين تجاه مجموعة البكتيريا
المعوية حيت اظهر كل من االميكاسين والميروبينيم كذلك فعالية بنسبة  . %100حوالى  %80من
البكتيريا المسببة لاللتهاب الرئوي كانت حساسة للتيغيسيكلين واالميكاسين والببراسيلين-تازوباكتام
وبالمقابل كان عقار الميروبينيم اقل فعالية ( .)62.5%كليبسيال االوكسيتوكا كانت حساسة بنسبة %100
لكل من التيغيسيكلين والميروبينيم واالميكاسين.
لوحظت معدالت مرتفعة من المقاومة للعقار من قبل بكتيريا الراكدة البومانية و بكتيريا الزائفة الزنجارية

حيث ان الزائفة الزنجارية كانت مقاومة بنسبة  %81.3وكان كال من االميكاسين والميروبينيم هما االكثر
فعالية ,اما بالنسبة لبكتيريا الراكدة البومانية فقد كانت مقاومة لمعظم المضادات الحيوية المستخدمة وقد
كانت نسبة مقاومتها لعقار التيغيسيكلين  %33.3ولوحظت نسبة مقاومة مرتفعة لعقار الميروبينيم بلغت
نسبة  . %52.3ايضا كل من Morganella morganiiو البكتيريا االمعائية كانت حساسة للعقار
بنسبة  , %50كذلك اظهر كل من بكتيريا المتقلبة الرائعة و Alcaligenesمقاومة بنسبة  %100تجاه
التيغيسيكلين.
نستنتج من هذه الدراسة ان عقار التيغيسيكلين كان فعاالً ضد جميع انواع البكتيريا موجبة الجرام وبدرجة
اقل تجاه البكتيريا سالبة الجرام ولوحظ ايضا ان معظم البكتيريا المعوية والبكتيريا سالبة الجرام كانت
مقاومة للعديد من المضادات الحيوية كما لوحظ ايضا مقاومة عالية للتيغيسيكلين من قبل كالً من بكتيريا
الراكدة البومانية و بكتيريا الزائفة الزنجارية.

إن هذا العقار الجديد الواعد ربما يلعب دورا ً هاما في معالجة االلتهابات الناجمة عن البكتيريا السالبة
الجرام والموجبة الجرام المقاومة للعديد من المضادات الحيوية داخل اقسام العناية المكثفة.
الكلمات المفتاحية :تيغيسيكلين ,مستشفى غزة االوروبي ,اقسام العناية المكثفة ,البكتيريا المقاومة للعديد
من المضادات الحيوية ,مقاومة المضادات البكتيرية ,قطاع غزة.
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CHAPTER 1
Introduction
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CHAPTER 1
Introduction
1.1 Overview:
Intensive care unit (ICU) acquired infections have been documented to be the
highest of all hospital – acquired infections in large multicenter studies in the
United States and Europe. The rate of infection in the ICU have range from 12
to 45%. Many antibiotic- resistant bacteria including both Gram-positive and
Gram- negative cause a clinically significant danger of infection among ICU
patients (Tennant I et al., 2005; Hassanzadeh et al., 2009).
Nosocomial infections are a significant public health problem, the ICU records
an occurrence rate two to five times higher than in other health-care services.
Thus, it is reported that the risk of contracting a bacteremia in ICU can reach
31.5% to 82.4% of the patients. It has been estimated that the relation between

nosocomial infection and fatal outcomes in critically ill patients could be
responsible for 10 000 to 20 000 deaths per year in France (Erbay et al., 2003;
Haddadi et al., 2013; Vitrat et al., 2014).

Pediatric intensive care unit (PICU) population is at high risk for nosocomial
infection, especially when they need prolonged hospital stay, major surgery, or
invasive procedures. According to the surveillance data of the pediatric
prevention network of the United States, the incidence of hospital-acquired
infection in PICUs was 13.9 per 1000 patient days. The most common
nosocomial infections were bacteremia, pneumonia and urinary tract infection
(Lee et al., 2009).
The ICUs have multidrug-resistant Gram-negative pathogen higher in other
patient-care areas, and also far higher in ICUs in developing than developed
2

countries (Berezin et al., 2014; Luna et al., 2014). The antimicrobial resistance
has been identified as one of the major challenges facing public health, it has
increased rates of morbidity and mortality and socioeconomic costs (Cai et al.,
2011).
Occurrence of nosocomial infections among hospitalized patients is 5% to 17%.
Prevalence rates are higher in ICUs, where the frequent use of invasive
procedures and multiple therapies expose patients to an increased risk (Toufen
et al., 2003).

In terms of morbidities, mortalities healthcare associated infections (HAIs) are
an important health problem. The overuse of broad-spectrum antibacterial
agents leads to emerge of multi-drug resistant microorganisms, for example
Pseudomonas aeruginosa and Enterobacteriaceae species. Approximately 2 10% of P. aeruginosa are resistant to all available treatments (Jamshidi et al.,
2009).
Over the last two decades the number of antimicrobial agents approved by the
European Medicines Agency (EMA) or United States- Food and Drug
Administration (FDA) has decreased, but resistance development is a
continuous process and the therapeutic options and treatment of bacterial
infections is running short. The lack of investment in antibiotics by the
pharmaceutical industry is one factor that has contributed to decrease of
production of new antibiotics and an increased occurrence of hard to treat
bacterial infections (Heizmann et al., 2013; Fair and Tor, 2014).

Infections sustained by Multi-Drug Resistant (MDR) and pan-resistant bacteria
have become a challenging problem in ICUs departments. It has a direct impact
on mortality, morbidity, length of hospital stay, and health care costs (Principe
et al., 2009). Hospitalized patients with infections due to MDR pathogens has
3

estimated coast at 6,000$ to 30,000$ (per patient) compared with infections not
caused by MDR microorganisms (Brusselaers et al., 2011). In Europe, the
European Centre for Disease Prevention and Control reported that 25,000 people
die each year from antibiotic-resistant bacteria (Carlet et al., 2012).
In 2005, the US FDA approved tigecycline as a broad-spectrum glycylcycline
antibiotic and the EMA in 2006 also approved tigecycline for the treatment of
complicated skin and soft- tissue infections and complicated intra-abdominal
infections (Olson et al., 2006; Townsend et al., 2007; Florescu et al., 2008;
Bassetti et al., 2010;). Meanwhile, in 2008, FDA approved tigecycline for the
treatment of adult patients with community-acquired bacterial pneumonia (Stein
and Babinchak, 2013).
Tigecycline has in vitro activity against most Gram-positive and Gram-negative
aerobic and anaerobic bacteria including MDR Gram-negative bacteria. On the
other hand P. aeruginosa, Proteus spp. and Providencia spp. are intrinsically
resistant (De Pascale et al., 2014).
Tigecycline is a derivative of minocycline provides clinicians with a novel,
expanded broad-spectrum antibiotic with activity against difficult to- treat
pathogens such as methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococcus spp. (VRE), Acinetobacter baumannii, and
Gram-negative bacterial strains that produce extended spectrum β-lactamases
(ESBL). Moreover, tigecycline causes minimal organ toxicity, and dosage
adjustment is unnecessary in most patient populations (Stein and Babinchak,
2013).
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1.2 General objectives
The aim of this study is to isolate and characterize the causative pathogenic
bacteria from the ICUs departments of the European Gaza hospital (EGH) and
to in vitro evaluate the effect of tigecycline activity and other common used
antibiotics.

1.3 Specific objectives
1- Isolation and characterization of pathogenic microorganisms from the ICUs
departments in the EGH.
2- Studying the antimicrobial resistance pattern of the isolated pathogens against
common used antibiotics.
3- Evaluate the in vitro activity of tigecycline against isolated gram positive and
gram negative pathogenic bacteria.
4- Helping the doctors for optimizing antimicrobial therapy for critically ill
patients.
5- Mapping the pattern of antimicrobial drug resistance in ICUs departments of
the EGH.
6- Clarifying the epidemiologic trends of isolated bacteria from ICUs patients in
the EGH.
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1.4 Significance
ICU patients are highly susceptible to bacterial infections and colonization, due
to their weak immune system and invasive procedures such as central lines,
urinary catheter, endotracheal tubes, mechanical ventilation etc. The nature of
ICU environment makes it a focus for the emergence and spread of MDR
pathogens. Critically ill patients in the ICU are 2-5times more likely to acquire a
nosocomial infection than those in general wards thus leading to prolong
hospital stay and require a significant economic cost. Spreading of MDR
pathogens limited the therapeutic option for the patients of the ICU departments
therefore new antibiotics are needed for treatment of such organism. Tigecycline
is a newer antibiotic has in vitro activity against most Gram-positive and Gramnegative aerobic and anaerobic bacteria including MDR Gram-negative bacteria.
According to our best knowledge, there is no previous study or report about the
in vitro activity of tigecycline in Gaza strip and this study is the first one on this
topic that will lead to mapping antibiotic resistance of tigecycline and other
common used antibiotics against bacterial pathogens isolated from ICUs of the
EGH.

Tigecycline may provide clinicians with an alternative option for

treatment infections caused by difficult-to-treat pathogens such as MRSA,
ESBL and VRE.
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CHAPTER 2
Literature Review
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CHAPTER 2
Literature review
2.1 Introduction
About 30% of patients admitted to the ICUs affected by nosocomial infections.
Early knowledge of the causative pathogen in nosocomial and communityacquired infection is very important for initiating and managing the correct
antibiotic treatment. Furthermore, delaying early and appropriate antibiotic
treatment until results of cultures are positive is associated with increased
mortality (Arie Soroksky et al., 2014).

The main causes of ICU mortality is the high prevalence of infection among
patients admitted to ICUs. According to European prevalence surveys 5-10% of
patients admitted to the ICUs departments acquire one or more infections during
their stay (Singh et al., 2013; Hanberger et al., 2014).

The challenge in the treatment of nosocomial infections is the emergence MDR
Gram-negative bacilli. While the pharmaceutical pipeline is waning, two revived
old antibacterial (colistin and fosfomycin), a newer one (tigecycline) and an
‘improved’ member of an existing class (doripenem) are the only therapeutic
options left (Giamarellou and Poulakou, 2009).

Intensive use of antibiotics, particularly in the hospital setting, is an important
contributing factor to the emergence and spread of drug-resistant variants.
Antimicrobial susceptibility trends for pathogens causing nosocomial infections
in the USA demonstrate a significant increase in the prevalence of MRSA,
coagulase-negative staphylococci and VRE. VRE and Enterococcus faecalis
have emerged in the past decade as causes of serious intra-abdominal infections
and bacteremia.

Enterococci are a therapeutic challenge because of their
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intrinsic resistance to many antibiotics. The risk of death associated with
antibiotic-resistant enterococcal bacteremia is several-fold higher than that
associated with susceptible enterococcal bacteremia (Florescu et al., 2008).

Antibiotic resistance in the ICU is an ever-increasing problem. The high use of
antimicrobial therapy in ICU, the large number of invasive procedures, the
density of a susceptible patient population, the severity of underlying illness,
and flaws in infection control measures are all contributing factors resulting in
ICUs as ‘epicentres’ of antimicrobial resistance in hospitals. ICUs are
considered generators of antimicrobial resistance. In addition to acquisition of
highly resistant microorganisms in the ICU, part of the resistance problem is
imported to the ICU through already colonized or infected patients admitted
from other hospitals, general wards, or from the community. This continuous
and rising threat of antimicrobial resistance is of relevance considering the
outcome

in

patients

infected

with

resistant

rather

than

susceptible

microorganisms is worse. Resistance to first-line antibiotics urges the use of
‘rescue’ or second-line antibiotics with little hope of new effective alternatives
in the near future (Aardema et al., 2015).

The major health concern worldwide are infections that acquired in ICUs,
particularly in developing countries. Patients admitted to ICUs are at an
increased risk for acquiring device-associated nosocomial infections, exposure
of such immunocompromised patients to invasive devices such as urinary
catheter-associated urinary tract infections, central lines catheter -associated
bloodstream infections, and ventilators -associated pneumonia are considered as
the main sources of infection, morbidity and mortality (Zorgani et al., 2015).

The high incidence of infection and multi-drug resistance in ICU patients is
attributable to severe underlying medical condition, frequent and, sometimes,
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unnecessary use of broad-spectrum antibiotics, mechanical ventilation, and
utilization of several devices placed with interventional techniques, prolonged
hospital stay, and greater risk of cross-transmission of resistant microorganisms
(Markogiannakis et al., 2009). Emergence of resistant bacteria in the ICU implies
an even higher challenge for the clinician, dealing with seriously ill patients, who need
prompt institution of effective antimicrobial therapy in a setting of higher prevalence of
resistant isolates, broad-spectrum antibiotic, use and ease of cross-transmission of
resistant microorganisms (Russotto et al., 2015).

2.2 Infection
It is defined as the transmission of microorganisms into a host after evading
defense mechanisms, resulting in the organism's proliferation and invasion
within the host tissues (Siegel et al., 2007).

2.2.1 Types of infection
The presence or absence of infection by type was documented according to the
standard definitions of the Centers for Disease Control and Prevention (CDC):
• Community-acquired – an infection occurring in the community and
manifested on admission to the hospital.
• Hospital-acquired – an infection manifested on admission to the ICU and
deemed to be related to the present hospital admission.
• ICU-acquired – an infection having originated in the ICU and active or under
treatment on the day of study but not clinically manifested at the time of
admission to the ICU (Toufen et al., 2003).

2.2.2 Major infectious agents in ICUs

According to the European Prevalence of Infection in ICU (mostly included data
from western European countries). The most common site of infection was the
respiratory system (64%), followed by abdomen (20%), bloodstream (15%) and
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genitourinary system (14%). The causative agents of infections were 47% grampositive pathogens, 62% gram-negative pathogens and 19% fungal pathogens.
Staphylococcus aureus (20%) was the most common gram-positive pathogen,
while Pseudomonas species (20%) and Escherichia coli (16%) were the most
common gram-negatives pathogens reported in patients (Ulu-Kilic et al., 2013).
Three types of infection account for more than 60% of all nosocomial
infections: pneumonia (usually ventilator associated), urinary tract infection
(UTI) (usually catheter associated) and primary bloodstream infection (usually
associated with the use of an intravascular device) (Esposito and Leone, 2007).

2.2.3 Important resistant pathogens
The MDR problem has been noted from gram-positive to gram-negative bacteria
during the past decade, especially due to the insufficiency of new antimicrobial
agents active against resistant gram-negative microorganisms. Among grampositive organisms, the most important resistant microorganisms in the ICU are
currently methicillin-(oxacillin-)-resistant S. aureus, and vancomycin-resistant
enterococci.
In gram-negative bacteria, the resistance is mainly due to the rapid increase of
extended-spectrum Beta-lactamases (ESBLs) in Klebsiella pneumonia, E. coli,
and Proteus mirabilis; high level third-generation cephalosporin Beta-lactamase
resistance

among Enterobacter spp.,

and Citrobacter

spp.,

and

MDR

in P. aeruginosa, Acinetobacter spp., and Stenotrophomonas maltophilia
(Brusselaers et al., 2011).


Methicillin-resistant Staphylococcus aureus

MRSA is widespread in numerous hospitals worldwide, it is still among the
most important causes of hospital-associated bacterial infections (Clark et al.,
2003 ; Brusselaers et al., 2011). The first report of methicillin-resistant S.
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aureus (MRSA) was published documenting the isolation of MRSA clones from
a patient and hospital staff in the UK, again none of which were treated with
methicillin. It was immediately recognized that methicillin-resistance was
mechanistically different than penicillin-resistance in that the MRSA phenotype
did not involve direct inactivation of the drug. Rather, resistance was mediated
through the acquisition of an alternative penicillin-binding protein (PBP2a) with
lowered affinity for β-lactam antibiotics. Within 20 years after the first
discovery of MRSA, it became a leading cause of hospital-acquired infections.
Currently, it can still be responsible for nearly 60% of skin/soft-tissue infections
presenting to US emergency rooms. The methicillin-resistance determining
penicillin-binding protein (PBP2a) is encoded by mecA harbored on a mobile
genetic element. In MRSA, exposure to methicillin inactivates the 4 highbinding-affinity PBPs normally present PBP-2a, which displays a low affinity
for methicillin, takes over the functions of these PBPs, permitting the cell to
grow, Two genes located upstream from mecA--mecR1 and mecI--control
expression of PBP-2a (Iguchi et al. 2016) . The National Nosocomial Infection
Surveillance study reported a rise of MDR in S. aureus from 3% in the early
1980s to 53% at the beginning of the 21st century. Cross-contamination and
admission of already colonized patients to the ICU are important causes for the
spread of MRSA (Salgado et al., 2005).


Vancomycin-resistant enterococci (VRE)

Most VRE are resistant to all available antimicrobial agents, resulting in serious
therapeutic dilemmas (Palmer and Rybak, 1996). Enterococci have a
remarkable ability to adapt to environmental changes and acquire antimicrobial
resistance, leading to multiple vancomycin-resistant phenotypes, but also
resistance to ampicillin, aminoglycosides, and other beta-lactam antibiotics.
VRE favors the highly compromised patient, with as most important
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independent risk factors for VRE colonization or infection, previous antibiotic
exposure (vancomycin, cephalosporins, or agents with anaerobic activity),
enteral feeding, cross-contamination, and prolonged hospital stay (Brusselaers
et al., 2011).


Enterobacteriaceae

Extended spectrum β-lactamases (ESBLs) are enzymes produced by bacteria
that degrade β-lactam antibiotics with extended spectrum (such as thirdgeneration cephalosporins). The first report of plasmid-encoded β-lactamases
capable of hydrolyzing the extended-spectrum cephalosporins was published in
1983(Paterson and Bonomo 2005).
Emerging resistance of gram-negative bacteria is consequently in the hospital
setting

through

the

production

of

ESBLs,

in

particular

by E.

coli and Klebsiella spp. and Proteus spp. , with now more than 500 different
types of beta-lactamases identified from clinical isolates. Reported risk factors
for infection/colonization with ESBL are prior use of antimicrobials, ICU stay,
indwelling devices, increased illness-severity, prolonged (ICU-) hospitalization,
emergency intra-abdominal surgery, mechanical ventilation, and residence in
nursing homes ( Brusselaers et al., 2011).


Pseudomonas/Acinetobacter

Nosocomial isolated strains of Pseudomonas and Acinetobacter spp., are
frequently resistant to a broad range antibiotics. Their prevalence appears to be
increasing worldwide, especially as cause of ventilator-associated pneumonia or
in high-risk populations, such as patients with severe burn injury. The
respiratory tract is the most important source of Pseudomonas isolates, followed
by wounds, urine, and the bloodstream. Pseudomonas is intrinsically resistant to
most antibiotics; most active agents are carbapenems, piperacillin, cefepime,
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ceftazidime, ciprofloxacin, amikacin, and tobramycin. Furthermore, crossresistance between fluoroquinolones and other antibiotic agents, such as
piperacillin-tazobactam, ceftazidime, and tobramycin is a frequent problem.
Acinetobacter spp. are inheritably resistant to cephalosporins, penicillin's, and
aminoglycosides, and especially cause opportunistic infections in critically ill
patients. Some strains of A. baumannii have been detected that are resistant to all
antibiotics. They rarely cause community-acquired infections and are more
common in tropical countries (Brusselaers et al., 2011).

2.2.4 Antibiotic resistance problems in ICUs

Treatment of ICU infections becomes more challenging in gram-negative
organisms causing serious infections in ICUs including pneumonia, bloodstream
infections, wound or surgical site infections and meningitis. Antibiotic resistant
bacteria isolated from ICUs infections represent a major problem worldwide.
These organisms demonstrate multidrug resistance, and therapeutic alternatives
have declined due to stagnation in novel antimicrobial agents. An update of
Infectious Diseases Society of America (IDSA) in 2009 identified five gramnegative organisms as 'ESKAPE' including P. aeruginosa, A. baumannii, K.
pneumoniae, E. coli and Enterobacter species associated infections with
significant morbidity, mortality and financial costs (Ulu-Kilic et al., 2013).

The ICU has even been described as a factory for creating, disseminating, and
amplifying antimicrobial resistance.

Both infection and MDR result in a

considerable clinical and economic burden. The excessive use of broadspectrum antimicrobial agents often lead to emergence of MDR (more than 60%
of all ICU patients receive antibiotics during their stay) (Brusselaers et al.,
2011).
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2.2.5 Risk factors associated with ICU-acquired infection
The nosocomial infection development is dependent on two important key
pathophysiological factors: decreased host defenses and colonization by
pathogenic, or potentially pathogenic bacteria. ICU patients tend to be more
susceptible so they usually at high risk of infection due to their underlying
diseases

conditions.

Critically

ill

patients

usually

require

invasive

medical devices such as urinary catheters, central venous and arterial catheters
and endotracheal tubes which compromise normal skin and mucosal them to
barriers, predisposing infection (Custovic et al., 2014).

The risk factors were divided into two groups intrinsic and extrinsic. The
intrinsic risk factors included the age, the gender, the reason for admission and
the co-morbidities. The extrinsic factors were the origin (where the patient
comes from), the number of days in hospital before the admission in ICU,
endotracheal intubations, the mechanical ventilation, tracheotomy, urinary
catheter, peripheral venous catheters, central venous catheter , arterial catheter,
sedation, antibiotics before admission (Haddadi et al., 2013).

2.3 Bacterial resistance
The antibiotics introduction in the 1930s allowed for a change in hospital care
and the development of increasingly more sophisticated procedures. However,
in the 1950s and 1960s there was a pandemic of nosocomial infections caused
by S. aureus. In the 1970s, gram-negative bacilli resistant to certain antibiotics
became the most common hospital-acquired pathogens. In the 1980s oxacillinresistant staphylococci became a major concern and the importance of
enterococci increased. During the 1990s, antibiotic-resistant organisms became
even more important in the hospitals environment, particularly in ICUs, which
were at the epicenter of MDR. This further undermined the survival of patients
and allowed the spread of resistant pathogens to other hospital units, to other
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healthcare services and to the community at large. The World Health
Organization considered the bacterial resistance as a major threat to health. The
European Community reported 25,000 deaths related to infection by MDR at a
cost of 1.5 billion Euros. Therefore, the development of new antibiotics has
become of major global concern (Rubio et al., 2013).
The problem of antibiotic resistance is exacerbated by the ease of international
travel and increasing global population densities, the emergence of MDR
pathogenic bacteria is a major public health concern and one of particular
importance in clinical settings. MDR identified as one of the greatest threats to
human health, global misuse, overuse of existing antibiotics, and the slowing
rate of discovery of new antibiotics work together to place society at or near a
crisis point. The deficit is in large measure due to the fact that many major
pharmaceutical companies have abandoned antibacterial research and

steep

decline in the number of new antibacterial agents launched in the last 30 years
(Figure 2.1). Mean while resistance rate are arising worldwide, new resistance
mechanisms are emerging and infections caused by MDR bacteria are becoming
particularly difficult to treat (wright et al., 2014).

Figure (2.1): Number of new antibacterials approved by the FDA in 5-year periods
from 1983 to present (Wright et al., 2014).
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2.3.1 Mechanism of bacterial resistance

Bacterial growth inhibition by an antibiotic is achieved when the antimicrobial
efficiently interacts with its target. The occurrence of this interaction depend on
two appropriate elements: recognition the target by the antibiotic, and the
concentration of the antibiotic at the target must be enough for achieving an
efficient inhibition of its activity. There are two main antibiotic resistance
mechanisms that bacteria employ to avoid antibiotic activity.

The first

mechanism is a reduced intracellular concentration of antibiotic. It can be
achieved in several different ways (Martinez et al., 2014).
Gram-negative bacteria have an outer membrane (OM), which by itself is a
barrier. Many hydrophilic drugs (e.g. β-lactams) enter Gram-negative cells
through the OM porins, whose expression can be reduced so as to prevent the
influx of the drug. Up-regulated antibiotic-specific or unspecific efflux pumps
are also protecting the target by expelling the drug out of the cell. Additionally,
specific enzymatic reactions can be performed to degrade (e.g. β-lactamases) or
inactivate

the

drug

through

modification

(e.g.

aminoglycoside

acetyltransferases), resulting in low amounts of active antibiotic inside the cell
(Delcour, 2009).
The second mechanism of antibiotic resistance is protection of the antibiotic
target. It is a simple way of modifying the target which lead to weaken the
interaction between the target and the antibiotic so that the antibiotic is unable to
bind properly to the target (Martinez et al., 2014).

2.3.2 Horizontal gene transfer of resistance genes

Accumulating mutations in the existing genes or acquiring new resistance
determinants from other bacteria through horizontal gene transfer leading to
existence of bacterial resistance to antibiotics. Horizontal gene transfer is a
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much faster way to become resistant compared to the accumulation of
spontaneous mutations. The three major mechanisms by which bacteria transfer
genes horizontally are conjugation, natural transformation, and transduction.
Thus, the spread of antibiotic resistance genes through horizontal gene transfer
has become a serious problem, especially in clinical settings (Huddleston,
2014).


Conjugation is the transfer of DNA fragments (plasmids) that can be
very small, up to large chromosomes and its requires cell-to-cell
contact.



Natural transformation is the process whereby bacterial cells take up
free DNA from the environment and incorporate it into their genomes.



Transduction occurs when a bacteriophage that has previously
replicated in another bacterial cell packages a portion of the host
genome (donor) into the phage head and transfers the genes to another
(recipient) bacterial cell.

2.3.3 Multi drug resistance

The estimates of CDC indicate that one in five pathogens from hospital-acquired
infections in the U.S. are multidrug-resistant, dramatically limiting therapeutic
options to antibiotics. In such cases, patients often have longer hospital stays,
delayed recovery, long-term disability, and increased mortality. Understanding
the mechanisms that govern the emergence of multidrug-resistant pathogens is
critical to the development of new approaches to control bacterial infections.
Many mechanisms of antibiotic resistance have been established, including
horizontal gene transfer; genomic mutation; and intrinsic bacterial mechanisms
that pre-date antibiotics (Kubicek-Sutherland, et al., 2015).
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Multidrug-resistant organisms including MRSA, VRE and certain Gramnegative

bacilli

like P.

aeruginosa,

Acinetobacter

baumannii and Enterobacteriaceae cause severe and lethal human infections
especially in critically ill patients. The term, “ESKAPE,” has been proposed to
express the majority of nosocomial infections due to resistant pathogens,
including Enterococcus faecium, S. aureus, K. pneumoniae, A. baumannii, P.
aeruginosa,

and Enterobacter species.

Up

to

the

year

2000,

most

microorganisms were susceptible to carbapenems. Carbapenem-resistant
pathogens became a major clinical challenge within 15–20 years after approval
of the first carbapenem (Izadpanah and Khalili, 2015).

MDR defined as resistance to two or more antibiotic classes. MDR become very
common in clinical settings. It can arise by expression of unspecific efflux
pumps that pump out different antibiotics or by lower expression of, for
example, porins that allow diffusion of various antimicrobials into the cell.
However, gaining of a plasmid that contains a set of different antibiotic
resistance genes is one of the most common ways of becoming multidrug
resistant. This phenotype can further be horizontally transferred to other
bacteria. The easiest way for plasmids to obtain various resistance mechanisms
is through the integration of transposons or integrons that carry resistance
determinants (Figure 2.2). Integrons are genetic elements that encode integrases
and have a special attachment site with the promoter. The integrase of the
integron can insert resistance gene cassettes in a speciefic sites, which can then
be expressed (Bennett, 2008).

Bacteria that are classified as extensively drug resistant (XDR) are
epidemiologically significant due to their resistance to multiple antimicrobial
agents. XDR has been used as an abbreviation for several different terms such as
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‘extreme drug resistance’, ‘extensive drug resistance’, ‘extremely drug resistant’
and ‘extensively drug resistant (Magiorakos et al., 2012).
From the Greek prefix ‘pan’, meaning ‘all’, pan drug resistant (PDR) means
‘resistant to all antimicrobial agents’. In order for particular species and a
bacterial isolate of this species to be characterized as PDR, it must be tested and
found resist all approved and useful agents. Examples of current definitions are:
‘resistant to almost all commercially available antimicrobials’, ‘resistant to all
antimicrobials routinely tested’ and ‘resistant to all antibiotic classes available
for empirical treatment’ (Magiorakos et al., 2012).

Figure (2.2): Conjugative plasmids as vectors of resistance dissemination through
HGT. Mobile genetic elements
integrated

like transposons

and integrons

can be

in plasmids and may carry resistance determinants that can be

transferred within and between bacterial species. Adapted from (Norman et al.,
2009).
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2.3.4 Bacterial fitness
The growing of bacteria that express resistance mechanisms is slower and less
virulent and less transmissible than their wild-type intimates. This means that
if the resistance mechanism imposes a high fitness cost, it will cause
difficulties

for

the resistant

bacteria

to establish

themselves

in a

population, especially if the environment is no longer under the same
antibiotic pressure. However, bacteria have found several solutions to this
problem. First of all, resistance mechanisms can be tightly regulated and
expressed only when bacteria are in an environment with antibiotics. This
means that once the antibiotic pressure is removed, the expression of the
resistance mechanism is repressed, and resistant bacteria can compete better
with sensitive ones (Depardieu et al., 2007).
Additionally, a strong selection pressure for fast-growing strains favors an
accumulation of

secondary mutations that compensate the fitness cost

implemented by the resistance

mechanism and restore it to the wild-type level.

There is also a possibility of reverting the resistance mutation back to the wildtype genotype. However, the frequency of such an event is very low as there is
just one way of reverting the resistance genotype. To summarize, even if the
selective pressure of the antibiotics is removed, the resistant bacteria can
overcome fitness costs (due to the resistance mechanism) and become as fit as
the wild-type bacteria (Andersson and Hughes, 2010).
2.3.5 Epidemiology of resistant bacteria

General data were collected mainly by hospital lab imperfectly reflect the
pathogen responsible for bacteremia in ICU patients. For community-acquired
infections, recovered microorganisms are mainly Streptococcus pneumoniae and
S. aureus for Gram positive, and E. coli for Gram negative. The beta-lactams
active against these bacteria did not change in the past decade. However, ESBL21

producing E. coli and community acquired MRSA are more and more reported.
Community-acquired methicillin-resistant S. aureus (CA-MRSA) is another
matter of concern. CA-MRSA responsible of community acquired pneumonia
(CAP) is very uncommon in Europe (less than 1% of CAP) but much more
frequent (8-10%) in USA. For nosocomial and health-care associated (HCA)
bloodstream infections, resistance profile is highly dependent on national and
local epidemiology. Hospital-acquired and HCA bloodstream infections are
associated with increased incidence of MDR, such as MRSA, ESBL producing
Enterobacteriaceae, A. baumannii, and P. aeruginosa. In these cases, it is more
difficult for empiric treatment to be appropriate, especially in patients admitted
in the ICU with a major incidence of multidrug-resistant microorganisms
(Timsit et al., 2014).

As early as 1945 in his Nobel Prize lecture Alexander Fleming was aware of the
risk of emergent resistance. Just 3 years after Fleming’s speech, one London
hospital reported S. aureus penicillin resistance rates of 38%. Each successive
antibiotic introduction has been followed by global emergence of resistance,
frequently starting in hospital settings (Figure 2.3) (Molton et al., 2013).
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Figure (2.3): Antibiotic timeline. This timeline indicates the approximate dates that
the major antibiotic classes or important antibiotics of each class were introduced into
clinical use. The dates that resistant organisms were identified are shown in the centre
of the timeline. Abbreviations: AmpC, AmpC–producing Enterobacteriaceae; ESBL,
extended-spectrum β-lactamase producing Enterobacteriaceae; KPC, K. pneumoniae
carbapenemase– producing Enterobacteriaceae; MRSA, methicillin-resistant S. aureus;
NDM-1, New Delhi metallo-β-lactamase-1–producing Enterobacteriaceae; PRSA,
penicillin-resistant S. aureus; VRE, vancomycin-resistant Enterococcus; VRSA,
vancomycin-resistant S. aureus (Molton et al., 2013).
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2.4 Tetracyclines
In 1948 the first tetracycline antibiotic, chlortetracycline was discovered by
Benjamin Duggar as a natural product of the soil bacterium Streptomyces
aureofacien (Wright et al., 2014).
Over the past 6 decades tetracyclines proven to be an economically voluble
drug class. Tetracyclines are broad-spectrum drugs, effective against Grampositive and Gram-negative bacteria as well as some eukaryotic parasites.
Tetracyclines became one of the first-line defense drugs for treating bacterial
infections because their imposing antimicrobial activity, fewer side effects,
easily cost and effectively isolated by fermentation (Zakeri and Wright, 2008).
In 1953 the first tetracycline-resistant bacteria were found due to the heavy use
of tetracyclines in medicine and agriculture which put an incredible selective
pressure for resistance in microorganisms. The presence of tetracycline-resistant
pathogens limits the use of these agents in treatment of disease (Chopra and
Roberts, 2001). The first chemically purified tetracycline was chlortetracycline
(1954). Currently, 3 groups of tetracyclines are available: tetracycline natural
products, tetracycline semisynthetic compounds, and chemically modified
tetracyclines (Sapadin and Fleischmajer, 2006).

2.4.1 Clinical use of tetracyclines

Tetracyclines are broad-spectrum agents, exhibiting activity against a wide
range of gram-positive and gram-negative bacteria, atypical organisms such as
chlamydiae, mycoplasmas, and rickettsiae, and protozoan parasites. The absence
of adverse side effect to tetracyclines and because of its low prices that led to the
extensive prescription by the clinician as a good and save antimicrobial agent
for treatment of human and animals infections. Tetracyclines are also used
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prophylactically for the prevention of malaria caused by Plasmodium
falciparum. Moreover, some countries, tetracyclines are added at subtherapeutic levels to animal feeds to act as growth promoters. The emergence of
microbial resistance has limited the effectiveness of tetracyclines as a
therapeutic agent against pathogenic agents. Doxycycline is a first-choice drug
for the treatment of donovanosis (Klebsiella granulomatis), brucellosis
(Brucella spp.), and chlamydial urethritis (Chlamydia trachomatis). Both
tetracycline and doxycycline are prescribed to treat cholera (Vibrio cholerae),
while tetracycline is usually effective against Helicobacter pylori causing peptic
ulcer disease and Mycoplasma pneumoniae leading to atypical bacterial
pneumonia. The second generation tetracyclines, doxycycline and minocycline,
are used as an antibiotic therapy for Propionibacterium acnes, which resides on
human skin, is one of the causes of the skin condition known as acne vulgaris.
These antibiotics are also used to treat MRSA infections (Chopra and Roberts,
2001; Roberts, 2003).

The third generation of tetracyclines designed to overcoming resistance
mechanism of tetracyclines. Tigecycline is the only remaining option of drugs in
the case of resistance to doxycycline or minocycline. Tigecycline is a newer
glycylcycline antimicrobial agent broad-spectrum against most Gram-positive
(penicillin-resistant Streptococcus pneumoniae, MRSA, VRE) and Gramnegative (Acinetobacter spp., ESBL and carbapenemase producers) pathogens
aerobic and anaerobic bacteria including MDR Gram-negative bacteria (De
Pascale et al., 2014).

2.4.2 Chemical structure of tetracycline

Tetracycline molecules comprise a linear four-fused ring system (A to D) to
which a variety of functional groups are attached. The whole molecule is
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divided into a hydrophobic upper peripheral and a hydrophilic lower peripheral
part. Chemical modifications in the upper peripheral half of the structure do not
affect the antibacterial activity of the molecule, while changes introduced in the
lower peripheral half diminish the antibacterial properties (Figure3). The
simplest tetracycline to display detectable antibacterial activity is 6-deoxy-6demethyltetracycline (Figure 2.4) (Chopra and Roberts, 2001).

Figure (2.4): The designated upper and lower peripheral regions of the tetracycline
molecule (Fuoco, 2012).
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Figure (2.5): Structure of 6-deoxy-6-demethyltetracycline, the minimum tetracycline
pharmacophore (Chopra and Roberts, 2001).

2.4.3 Tetracycline Classification

Tetracyclines divided into two categories according to the mechanism of action:
“Typical”, if they act as bacteriostatic; “atypical”, if they act as batericidical.
Typical tetracyclines bind specifically to the 30s ribosomal subunits of the
bacterial cell and target bacterial protein synthesis in gram positive and gram
negative bacteria by preventing the attachment of aminoacyl-tRNA to the
ribosomal acceptor (A) site. Atypical tetracycline analogs are bacteriocidal and
they act on targets other than the ribosomal subunits like disruption of the
cytoplasmic membrane (Chopra and Roberts, 2001; Fuoco, 2012).

2.4.4 Tetracycline generations

I- First- generation tetracyclines they are naturally produced by Streptomyces
species (biosynthesis) such as: tetracycline, Chlortetecycline, Oxytetracycline
and Demeclocycline (Chopra and Roberts, 2001; Agwuh and MacGowan,
2006).
II- Second generation semi-synthetic chemically modified derivatives such as
Doxycycline, Sancycline and Minocycline (Agwuh and MacGowan, 2006).
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III- Third generation of tetracycline they are synthetic or semi- synthetic group
of compounds called glycylcyclines were generated by modifying position 9 of
ring D of doxycycline, sancycline, and minocycline. Modified to overcome
bacterial resistance mechanism against tetracyclines such as: Tigecycline
(Nelson and Levy, 2011).

2.4.5 Tigecycline

Tigecycline is a newer semi-synthetic glycylcycline antimicrobial agent broadspectrum. It inhibits bacterial protein synthesis by binding to the 30S ribosomal
subunit but with a five times higher affinity than that for the tetracyclines. In
vitro studies demonstrate that it has good activity against many commonly
encountered respiratory bacteria, including multiple resistant Gram-positive,
Gram-negative, anaerobic, as well as MDR pathogens, such MRSA and
methicillin-resistant Staphylococcus epidermidis (MRSE), VRE, penicillinresistant Streptococcus pneumoniae (PRSP), and β-lactamase-producing
Haemophilus influenzae, among others (Betriu et al., 2002; Noskin, 2005;
Zinner, 2005; Cai et al., 2011).

Tigecycline is the first antimicrobial of glycylcyclines class approved by FDA
and EMA for use in the clinical practice for the treatment of cIAI and cSSSI and
community- acquired bacterial pneumonia and introduced during the past two
decades into clinical practice (Townsend et al., 2007; Seputiene et al., 2009:
Bassetti et al., 2010)
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2.4.5.1 Chemical structure of tigecycline

Tigecycline is a derivative of the second-generation tetracycline antibiotic
minocycline with a 9-t-butylglycylamido side chain group attached to the ring D
of the tetracycline four-ring backbone. Glycylcyclines agents maintain a central
four-ring carboxylic skeleton of the tetracycline class that is crucial for
antimicrobial activity. Modifications include substitution of an N-alkylglycylamido group on the D ring at the 9th position that confers a broader
spectrum of activity; this modification gives this antibiotic the ability to evade
tetracycline resistance mechanisms (Figure2.5). Tigecycline has a 9-t-butylglycylamido side chain on the central skeleton. Tigecycline most likely
overcomes these tetracycline resistance mechanisms due to steric hindrance by a
large substituent at position 9 (figure 2.6) (Rossi and Andreazzi, 2006).

Due to the bulky side chain at position 9, It binds ~5-fold to ~100-fold stronger
to the 30s ribosomal subunit than minocycline and tetracycline, respectively
(Olson et al., 2006).

Figure (2.6): Basic structure of the glycylcyclines (Rossi and Andreazzi, 2006).
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Figure (2.7): Structure of tigecycline. The arrow indicates the addition of a 9-tetra-butylglycylamido side chain on the D ring at the 9th position (Rossi and Andreazzi, 2006).

2.4.5.2 Tigecycline mode of action

Tigecycline inhibits protein synthesis by binding to the bacterial 30S ribosomal
subunit and blocking the binding of amino-acyl tRNA to the A site of the
ribosome and this will lead to inhibition of the protein synthesis. The elongation
of peptide chains is prevented because there is no more incorporation of amino
acid residues into the peptide chains (Cai et al., 2011; Bates et al., 2012).

2.4.5.3 Uptake of tigecycline

In order to employ its antibacterial activity, tigecycline has to crosses the
external membrane of bacteria through porins via passive diffusion and reaches
the cytoplasm by an energy-dependent mechanism. It binds to the ribosome
thereby inhibiting protein synthesis. The entrance into a Gram-negative cell is
more complicated because of the presence of the outer membrane. This effect is
produced by blocking binding of the tRNA aminoacyl site to the 30 S ribosomal
subunit. The association is reversible, which explains its bacteriostatic effect
(Sorlozano et al., 2006).
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As chelating compounds tetracyclines forms complexes with metal ions.
Tetracycline and Mg2+ positively charged complexes cross the outer membrane
through the hydrophilic outer membrane porins. As a result of lipophilic
properties, the uncharged form of tetracyclines can cross the OM by diffusion.
The rate of such diffusion is 100 times slower than diffusion through the inner
membrane in the periplasm, Mg2+ and tetracycline complexes dissociate and
form a protonated uncharged form of tetracycline, which diffuses through the
IM into the cytoplasm following the pH difference between periplasm (lower
pH) and cytoplasm (higher pH). ( Nikaido and Thanassi, 1993; Thanassi et
al., 1995).

2.4.5.4 The overcoming resistance mechanisms of tigecycline

Ribosomal protection and active efflux of drugs from inside the bacterial cell are
the two major mechanisms of bacterial resistance to tetracyclines (Noskin,
2005). Bacterial resistance spreading to tetracyclines occurs through the gaining
of specific resistance genes, which are found in plasmids, conjugative
transposons and integrons. Glycylcyclines agents maintain a central four-ring
carbocyclic skeleton of the tetracycline class that is crucial for antimicrobial
activity. Modifications include substitution of an N-alkyl-glycylamido group on
the D ring at the 9th position that confers a broader spectrum of activity; this
modification gives this antibiotic the ability to evade tetracycline resistance
mechanisms. Tigecycline has a 9-t-butyl-glycylamido side chain on the central
skeleton so tigecycline most likely overcomes these tetracycline resistance
mechanisms due to steric hindrance by a large substituent at position 9 (Rossi
and Andreazzi, 2006).
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2.5 Related studies
The Tigecycline Evaluation and Surveillance Trial (TEST) is a global
antimicrobial susceptibility surveillance study which has been ongoing since
2004. This report examined the in vitro activity of tigecycline and comparators
against clinically important pathogens collected globally between 2004 and
2013. Among the Enterobacteriaceae susceptibility to tigecycline (97.0%,
115,361/118,899). Against A. baumannii the highest rates of susceptibility were
for minocycline (84.5%, 14,178/16,778); The MIC90 for tigecycline was 2 mg/L.
40% (6,743/16,778) of A. baumannii isolates were multidrug-resistant.
Enterococci were highly susceptible to tigecycline and linezolid (>99%).
Against S. aureus and S. pneumoniae susceptibility to tigecycline was ≥99.9%.
Antimicrobial susceptibility decreased both globally and regionally between
2004 and 2013 in TEST among clinically important pathogens such as A.
baumannii and E. coli. The continued high levels of susceptibility to tigecycline
among most of the pathogens examined in this study, including multidrugresistant pathogens such as ESBL-positive E. coli and penicillin-resistant S.
pneumoniae, suggest that tigecycline may continue to be useful in the treatment
of infectious diseases in coming years (Hoban et al., 2015).

In vitro activity of tigecycline against isolates collected from complicated skin
and skin structure infections and intra-abdominal infections in Africa and
Middle East countries were studied. A total of 2245 isolates from African and
the Middle Eastern (AfME) countries were collected to determine in vitro
activity for tigecycline and comparators during 2007-2012 as part of the
Tigecycline Evaluation Surveillance Trial program. Tigecycline was launched in
the AfME in 2007 and remains active against a wide range of targeted pathogens
worldwide. Isolates were recovered from cSSSI (1990) and IAI (255) from 38
sites in 11 AfME countries. S. aureus was the most common species from cSSSI
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(27.9%), and the MRSA rate was 25%. Enterococcus spp. (7.1%) and
Streptococcus agalactiae (2.9%) were other common Gram-positive pathogens
represented. Enterobacter spp. (14.5%), P. aeruginosa (13.9%), E. coli (11.4%),
Klebsiella spp. (10.9%), and Acinetobacter spp. (7.2 %) were the most common
Gram-negative species collected. Tigecycline MIC90 values were 0.25 μg/mL
against S. aureus, E. coli and Enterobacter spp. had tigecycline MIC90 values of
1 and 2 μg/mL, respectively. E. coli was the most frequently collected species
from IAI (28.3%), followed by Klebsiella spp. (20.8%), Enterococcus spp.
(11.8%), and Stenotrophomonas maltophilia (6.3%). Isolates collected from IAI
had the following tigecycline MIC (90) values: E. coli (1 μg/mL), Klebsiella
spp. and other Enterobacteriaceae (2 μg/mL), Enterococcus spp. (0.25 μg/mL),
and S. maltophilia (1 μg/mL). Tigecycline in vitro activity was observed against
a broad spectrum of bacterial species, including strains resistant to other
antimicrobial classes (Renteria et al., 2014).
In another recent study that performed in 2014, susceptibility among Grampositive and Gram-negative isolates between 2004 and 2011 from the Middle
East and Africa was examined. In total, 2967 Gram-positive and 6322 Gramnegative isolates were examined from 33 participating centers. All S. aureus
isolates including MRSA were susceptible to tigecycline, linezolid and
vancomycin. Vancomycin, linezolid, tigecycline and levofloxacin were highly
active (>97.6% susceptibility) against Streptococcus pneumoniae, including
penicillin-non-susceptible strains. All Enterococcus faecium isolates were
susceptible to tigecycline and linezolid, including 32 VRE isolates, ESBL were
produced by 16.6% of E. coli and 32.9% of K. pneumoniae. More than 95% of
E. coli and Enterobacter spp. were susceptible to amikacin, tigecycline,
imipenem and meropenem. The most active agents against P. aeruginosa and A.
baumannii were amikacin (88.0% susceptible) and minocycline (64.2%
susceptible), respectively; the MIC90 of tigecycline against A. baumannii was
low at 2mg/L. Tigecycline and carbapenem agents were highly active against
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most Gram-negative pathogens. Tigecycline, linezolid and vancomycin showed
swabAfrica (Kanj et al., 2014).

An analysis of the microbiological results from five European observational
studies (July 2006 to October 2011) evaluating the efficacy of tigecycline
(prescribed as monotherapy or in combination with other antibacterials) for the
treatment of cSSSI and cIAI is presented by Heizmann et al., In total, 213 cSSSI
and 623 cIAI patients were included; 34.4% and 56.6%, respectively, were
critically ill in intensive care units. At baseline, at least one pathogen was
isolated in 167 (78.4%) cSSTI and 464 (74.5%) cIAI patients, and 32.9% and
49.1% of infections were polymicrobial. In cSSSI, S. aureus and E. coli (52.7%
and 18.0%, respectively) were the most frequently isolated pathogens, whereas
in cIAI most infections were due to E. coli (41.8%), E. faecium (40.1%) and
Enterococcus faecalis (21.1%). Clinical response was observed in >80% of
patients with E. coli in both cIAI and cSSTI. In cSSTI patients, the clinical
response rate to S. aureus was 80.8%. For cIAI, 77.4% of E. faecium and 79.5%
of E. faecalis patients responded to treatment (Heizmann et al., 2013).
A study was performed by (Gupta et al., 2012) for evaluation the in vitro
activity of tigecycline against multidrug-resistant Gram-negative blood culture
isolates from critically ill patients from May 2010 to February 2011. From 827
critically ill patients admitted to the intensive care unit of St John’s Medical
College and Hospital, Bangalore, India. Only one isolate per patient was
included. Non-repetitive Gram-negative bacilli (n=69; 8.34%) were isolated
from 827 patients. The isolates were identified as E. coli (n=20), K. pneumoniae
(n=9), Enterobacter cloacae (n=2), Proteus mirabilis (n=2), Serratia
marcescens

(n=1),

Citrobacter

koseri

(n=1),

A.

baumannii

(n=18),

Acinetobacter lwoffii (n=1), P. aeruginosa (n=11), Pseudomonas putida (n=1),
Achromobacter xylosoxidans (n=2) and Chromobacterium indologenes (n=1).
Tigecycline showed good potency, inhibiting 100% of the ESBL-producing E.
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coli, 85.7% of the ESBL-producing K. pneumoniae and 93.7% of the MDR A.
baumannii at a concentration of ≤2 mg/L. 100% of the P. aeruginosa (MIC50
and MIC90 of 16 mg/L) and Proteus mirabilis showed resistance to tigecycline,
irrespective of being MDR or not. However, a single strain of MDR P. putida
isolated was susceptible to tigecycline (MIC 2 mg/L). The study demonstrated
the efficacy of tigecycline against MDR organisms in the critical care units of
tertiary care hospitals (Gupta et al., 2012 ).
The Tigecycline In Vitro Surveillance in Taiwan (TIST) study, -a nationwide,
prospective surveillance during 2006 to 2010-, collected a total of 7,793 clinical
isolates,

including

MRSA

(n =

1,834),

penicillin-resistant S.

pneumoniae (PRSP) (n = 423), VRE (n = 219), extended-spectrum β-lactamase
(ESBL)-producing E.

coli (n =

1,141),

ESBL-producing

Klebsiella

pneumoniae (n = 1,330), A. baumannii (n = 1,645), and Stenotrophomonas
maltophilia (n = 903), from different specimens from 20 different hospitals in
Taiwan. MICs of tigecycline were determined following the criteria of FDA and
the European Committee on Antimicrobial Susceptibility Testing (EUCAST2011). Among drug-resistant Gram-positive pathogens, all of the PRSP isolates
were susceptible to tigecycline (MIC90, 0.03 μg/ml), and only one MRSA isolate
(MIC90, 0.5 μg/ml) and three VRE isolates (MIC90, 0.125 μg/ml) were
nonsusceptible to tigecycline. Among the Gram-negative bacteria, the
tigecycline

susceptibility

rates

were

99.65%

for

ESBL-producing E.

coli (MIC90, 0.5 μg/ml) and 96.32% for ESBL-producing K. pneumoniae
(MIC90, 2 μg/ml) when interpreted by FDA criteria but were 98.7% and 85.8%,
respectively, when interpreted by EUCAST-2011 criteria. The susceptibility rate
for A. baumannii (MIC90, 4 μg/ml) decreased from 80.9% in 2006 to 55.3% in
2009 but increased to 73.4% in 2010. A bimodal MIC distribution was found
among carbapenem-susceptible A. baumannii isolates, and a unimodal MIC
distribution

was

found

among

carbapenem-nonsusceptible A.

baumannii isolates. In Taiwan, tigecycline continues to have excellent in
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vitro activity against several major clinically important drug-resistant bacteria,
with the exception of A. baumannii (Chen et al., 2012).
A study was performed by Zorgani et al., for in-vitro activity of tigecycline
against methicillin-resistant S.aureus isolated from wounds of burn patients in
Tripoli-Libya in 2012. The study included 155 methicillin-susceptible S. aureus
(MSSA) and 144 MRSA isolates from wounds of burn patients and identified by
PCR. The susceptibility of MSSA and MRSA isolates to tigecycline, linezolid
and quinupristin/dalfopristin was determined by the disc diffusion technique.
The result found of the MSSA and MRSA isolates examined, susceptibility to
tigecycline was observed in 96.8% and 95.8%, to linezolid in 97.4% and 96.5%
and to quinupristin/dalfopristin in 98.1% and 97.2%, respectively. Tigecycline
showed excellent in-vitro activity against MSSA and MRSA similar to the
comparator drugs (i.e. linezolid and quinupristin/dalfopristin) (Zorgani et al.,
2012).

Somily et al., tested

the activity of tigecycline against bacterial isolates

including MDR gram negative and gram positive organisms from intensive care
patients. Clinically significant gram positive and MDR gram negative isolates
from specimens of patients in the intensive care units of King Khalid University
Hospital (KKUH), Riyadh, Kingdom of Saudi Arabia between November 1,
2006 and December 31, 2008 were tested against tigecycline by disc diffusion
(DD) method. In some isolates, the minimal inhibitory concentration was carried
out by E-test method. Some of the gram negative isolates, and gram positive
isolates were tested using both methods. All the 83 gram positive organisms
tested by both DD and E-test were susceptible to tigecycline. Two hundred and
fifty-four MDR gram negative isolates were tested for susceptibility to
tigecycline. Of these 176 tested by DD, 159 (90%) were susceptible, 6 (3.4%)
were resistant, and 11 (6.2%) were intermediately susceptible. From the 188
isolates tested by E-test, 140 (74.4%) were susceptible, 35 (18.6%) were
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resistant, and 13 (6.9%) showed intermediate susceptibility. For comparison
between the methods, 109 isolates of the MDR gram negative organisms were
tested by both E test and DD. The difference between the 2 methods was not
significant. Tigecycline was active against gram positive and most MDR gram
negative isolates from patients in medical and surgical intensive cases in
KKUH. There was no significant difference between the DD and E-test methods
for susceptibility testing of tigecycline against these isolates (Somily et al.,
2010).
Another study conducted in Egypt compares the in vitro activity of tigecycline,
recently introduced to Egyptian market, and to other potentially active
antimicrobials as colistin, imipenem, levofloxacin, and piperacillin/tazobactam
against 67 Gram-negative clinical isolates obtained from El-Meery Hospital
in Alexandria, Egypt. El-Meery Hospital is a tertiary teaching hospital where
tigecycline has not been previously used. Based on MIC (90) s, tigecycline was
found to be a comparator to imipenem and colistin (MIC90 = 8 μg/ml).
Levofloxacin and piperacillin/tazobactam were less active than tigecycline
exhibiting high MIC (90) s. Tigecycline inhibited 100% of E. coli and K.
pneumoniae and 60% of P. aeruginosa and A. baumannii isolates. Tigecycline
showed

bactericidal activity after

Enterobacteriaceae isolates and

6

after

hours
3

hours

of

contact against the

for

the

tested

P.

aeruginosa isolates. Against A. baumannii, tigecycline exerted a bacteriostatic
effect. These results point tigecycline to be a promising agent in treatment of
infections caused by strains for which adequate therapy has been limited. This
report

was

the

first

evaluating

the

in

vitro activity of

tigecycline against Egyptian clinical isolates (Mohamed and Youssef, 2011).
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CHAPTER 3
Material and methods
3.1 Materials
3.1.1 Apparatus

Manufacturer (country)

Autoclave

Tuttnauer (USA)

Incubator

Carbolite (France)

Refrigerator

Sanyo (Italy)

Deep freezer

Kirsch (Germany)

Optical microscope

Zeiss (Germany)

CO2 incubator

Carbolite (France)

Safety cabinet

Topsafe (France)

3.1.2 Equipment and disposables
Cotton
Sterile cotton swab
Inoculating plastic loops
Magnetic stirrer
Wide mouth plastic cups (50ml, sterile)
Culture swabs
Tissue paper
Icebox
Microscope glass slides
Antibiotic diameter scalar ruler
Glassware
Plastic Petri plates
Forceps
Latex gloves
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3.1.3 Reagents and stains
API- 20E (BioMérieux- France)
Hydrogen peroxide (3% H2O2)
Gram stain kit (HiMedia- India)
Oxidase discs (HiMedia- India)
Barium chloride BaCl2

3.1.4 Culture media

(Manufacturer- Country)

Blood agar

(HiMedia- India)

Blood culture bottles

(HiMedia- India)

Mac-Conkey agar

(HiMedia- India)

Muller Hinton agar

(HiMedia- India)

Nutrient agar

(HiMedia- India)

Thioglycolate broth

(HiMedia- India)

Trypticase soy broth

(Acromedia - USA)

3.1.5 Antibiotic discs

Antibiotic

Potency

Abbreviation

Manufac. Country

Tigecycline

15μg

TGC

(Bioanalyse- Turkey)

TGC E-test

0.016-256 μg

E-test

(BioMérieux-France)

Penicillin G

10 units

P

(Bioanalyse-Turkey)

Ampicillin

10 μg

AM

(HiMedia- India)

Cefuroxime

30 μg

CXM

(HiMedia- India)

Ciprofloxacin

5 μg

CIP

(HiMedia- India)

Cefotaxime

30 μg

CTX

(HiMedia- India)

Gentamicin

10 μg

GM

(Bioanalyse-Turkey)
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Vancomycin

30 μg

VA

(Bioanalyse-Turkey)

Pipracillin/tazobactam

10 μg

TZP

(Oxoid-UK)

Cephalotin

30 μg

KF

(Bioanalyse-Turkey)

Tobramycin

10 μg

TOB

(Bioanalyse-Turkey)

Oxacillin

1 μg

OX

(Bioanalyse-Turkey)

Meropenem

10 μg

MRB

(HiMedia- India)

Ceftriaxone

30 μg

CRO

(Bioanalyse-Turkey)

Amikacin

30 μg

AK

(HiMedia- India)

Piperacillin

100 μg

PI

(HiMedia- India)

25 μg

SXT

(HiMedia- India)

Trimethoprim/sulphm
ethoxazole

3.2 Methodology
3.2.1 Study design
Prospective cross-sectional study were performed on the patients who admitted
to the ICU departments of the EGH.

3.2.2 Study location

The study was conducted at the EGH. EGH began as a grant from European
Union (EU) to the Palestinian people at the end of the first intifada in 1989. In
this period there was no any legitimate authority, so UNRWA has been assigned
to establish the hospital by European financing. Work began on the
establishment of the hospital in 1993 and ended its funding in 1996. Since the
arrival of the PNA as the legitimate authority in Gaza Strip. The dialogue began
with the UNRWA and EU for transfer of ownership of the hospital to the MOH.
This dialogue resulted in the signing of a memorandum of understanding in
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October 1997 provides for the transfer of ownership of the hospital to the MOH.
Clinical capacity reached to 246 beds and four ICU departments, adult ICU
(AICU) 11beds, pediatric ICU (PICU) 4 beds , special baby care unit (SCBU)
12 beds and coronary care unit (CCU) 6 beds.
EGH characterized by the provision of treatment services hematology and
oncology, services of ophthalmology, also features a cardiac catheterization and
center for neurosurgery service to all Gaza strip. In addition to medical
education opportunity for faculty of medicine students at the Islamic University
in Gaza (IUG), Palestinian board of internal medicine and surgery, bone and
anesthesia (EGH, 2011).

3.2.3 Study population

All patients who were occupied a bed in a participating ICUs department of the
EGH including, adult ICU (AICU), pediatric (PICU), Special Care Baby Unit
(SCBU) and Coronary care unit (CCU) over the study period.

3.2.4 Ethical considerations

The necessary approvals to conduct this study were obtained from the
department of biological sciences at Al Azhar University-Gaza and from
Palestinian Ministry Of Health (MOH) (Annex3). Moreover, ethical approval
from the local Helsinki committee at the ministry of health in Gaza strip
(Approval no. PHRC/HC/19/15) was obtained for performing the current study
(Annex 4).
Patients or their guardians were asked to sign an informed consent before filling
the demographic questionnaire.
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3.2.5 Eligibility criteria

Inclusion criteria: Only the patients of ICU departments in the EGH were
included in this study.
Exclusion criteria: The other patients in the other departments of the EGH
were excluded from this study.

3.3 Microbiological methods
3.3.1 Sample collection

Samples

including

urine,

sputum,

folly catheters,

nasogastric

tubes,

endotracheal, Ascites fluid, CSF and others as appropriate were collected by
treated physician at the ICUs departments in sterile container. Other samples
like pus, infected wound samples were collected with sterile cotton swab sticks.
Blood culture bottles were prepared for blood culture samples. Samples
delivered immediately to the medical microbiology laboratory at EGH after
collection and cultured on MacConkey agar, Blood agar, Chocolate agar,
thioglycollate and incubated at 37°C for 24 - 48 hrs. Thioglycollate cultures and
blood culture bottles were reincubated for at least 7 days and subcultured on
MacConkey and Blood agar or Chocolate agar plates, as necessary. Samples that
could not be cultured in the same day were preserved at 4 °C overnight to the
next day until they processed.

3.3.2 Sampling duration and sample size

Different samples as blood, urine, sputum, CSF, Ascites fluid, and others were
collected from patient who were admitted to the ICU departments over the
period of nine months (May, 2015-Jan., 2016). A total of 472 different samples
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were collected, 387 samples were negative result (no bacterial growth) and 90
samples were positive. Samples are summarized in table (3.1).
Table (3.1): Microbiological samples from the ICUs departments

Sample type AICU PICU SCBU CCU
Blood

1

4

22

0

Sputum

21

10

11

0

Swab(PUS)

6

1

4

3

Urine

1

0

3

1

fluid

0

0

1

0

CSF

0

0

1

0

Total

29

15
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Abbreviations: AICU, adult intensive care unit; PICU, pediatric intensive care unit;
SCBU, special baby care Unit; CCU, coronary care unit

3.4 Data collection
3.4.1 Questionnaire collection

Interview to the patient or guardian was used for filling a simple questionnaire
which designed for matching the study need (annex 1).
The questionnaire included questions on socio-demographic data (age,
education, history, smoking and employment status).

3.4.2 Clinical data

Operative and clinical status on admission to the ICU, and diagnostic and
therapeutic interventions performed on the study day were collected from each
ICU department by the treating physician as indicated in (annex 2).
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3.5 Culture and identification of causative pathogens

Samples were taken to the medical microbiology laboratory immediately after
collection for culture purposes. Specimens were directly inoculated onto blood,
chocolate, and MacConkey agar plates. All plates were incubated for 24-48
hours aerobically at 35-37 °C with the exception of chocolate agar that were
incubated in a CO2 incubator to achieve a caprophilic condition with 5% CO2
that is suitable condition for the isolation of fastidious pathogenic bacteria such
as S. pneumonia and H. influenzae.
3.5.1 Bacterial isolates identification
Emergent colonies were identified according to standard microbiological
methods

including culture characteristics,

colony morphology, mucus

production, color, pigment production, sugar fermentation, as lactose
fermentation, hemolysis on blood agar and other different characteristics.
In principle, identification of the isolated bacteria was based on the conventional
techniques and procedures that described in Berge's manual of systemic
bacteriology (Kreig and Sueath, 1984).

Positive cultures grown on both plates (Blood and MacConkey agars) were
submitted to biochemical identification API20E system (Anon, 1991).

3.5.2 Presumptive identification

Gram staining
The Gram staining method, named after the Danish bacteriologist who originally
devised it in 1882, Hans Christian Gram, is one of the most important staining
techniques in microbiology. It is almost always the first test performed for the
identification of bacteria. It based on the ability of bacteria wall to retain the
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crystal violet-iodine complex during solvent treatment. The cell walls for Grampositive microorganisms have a higher peptidoglycan and lower lipid content
than gram-negative bacteria. Bacteria cell walls are stained by the crystal violet.
Iodine is subsequently added as a mordant to form the crystal violet-iodine
complex so that the dye cannot be removed easily. This step is commonly
referred to as fixing the dye. However, subsequent treatment with a decolorizer,
which is a mixed solvent of ethanol and acetone, dissolves the lipid layer from
the gram-negative cells. The removal of the lipid layer enhances the leaching of
the primary stain from the cells into the surrounding solvent. In contrast, the
solvent dehydrates the thicker Gram-positive cell walls, closing the pores as the
cell wall shrinks during dehydration. As a result, the diffusion of the violetiodine complex is blocked, and the bacteria remain stained. The length of the
decolorization is critical in differentiating the gram-positive bacteria from the
gram-negative bacteria. A prolonged exposure to the decolorizing agent will
remove all the stain from both types of bacteria (Holt et al., 1994).

Catalase test

Principle: the enzyme catalase mediates the breakdown of hydrogen peroxide
into oxygen and water. The presence of the enzyme in a bacterial isolate is
evident when a small inoculum is introduced into hydrogen peroxide, and the
rapid elaboration of oxygen bubbles occurs. The lack of catalase is evident by a
lack of or weak bubble production. The culture should not be more than 24
hours old.
2H2O2

2H2O+O2

Purpose: The morphologically similar Enterococcus or Streptococcus (catalase
negative) and Staphylococcus (catalase positive) can be differentiated using the
catalase test. It is used to differentiate aerotolerant strains of Clostridium, which
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are catalase negative, from Bacillus species, which are positive. Catalase test
can be used as an aid to the identification of Enterobacteriaceae.

Procedure: One drop of 3% H2O2 were add to a glass slide with a loopful of
growth from each culture to be tested. The immediate forth of bubbles is
indicative of appositive catalase test (Taylor and Achanzar, 1972).

Coagulase test

Coagulase test is used to differentiate S. aureus from other Staphylococcus
species. Coagulase enzyme converts (soluble) fibrinogen in plasma to
(insoluble) fibrin (Zarzour and Belle, 1978). Most strains of S. aureus produce
two types of coagulase, free coagulase and bound coagulase. While free
coagulase is an enzyme that is secreted extracellularly, bound coagulase is a cell
wall associated protein. Free coagulase is detected in tube coagulase test and
bound coagulase is detected in slide coagulase test. Slide coagulase test may be
used to screen isolates of S. aureus and tube coagulase may be used for
confirmation. While there are seven antigenic types of free coagulase, only one
antigenic type of bound coagulase exists. Free coagulase is heat labile while
bound coagulase is heat stable.

Principle: The bound coagulase is also known as clumping factor. It cross-links
the α and β chain of fibrinogen in plasma to form fibrin clot that deposits on the
cell wall. As a result, individual coccus stick to each other and clumping is
observed.
Procedure: Dense suspensions of Staphylococci from culture were made on two

ends of clean glass slide. One labeled as “test” and the other as “control”. The
control suspension serves to rule out false positivity due to autoagglutination.
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The test suspension is treated with a drop of citrated plasma and mixed well.
Agglutination or clumping of cocci within 5-10 seconds was taken as positive.

Oxidase test
Oxidase disk test is used for detection of oxidase production by microorganisms
like Neisseria, Alcaligenes spp., Aeromonas spp., Vibrio's spp., Campylobacter
spp. and Pseudomonas spp., which give positive reactions and for excluding
Enterobacteriaceae, which give negative reactions.

Principle: Certain bacteria posses either cytochrome oxidase or indophenol
oxidase (an iron-containing haemoprotein), which catalyzes the transport of
electrons from donor compounds (NADH) to electron acceptors (usually
oxygen). In the oxidase test, a colorless dye such as N, N-dimethy-pphenylenediamine serves as an artificial electron acceptor for the enzyme
oxidase. The dye is oxidized to form indophenol blue, a coloured compound.
Oxidase discs are sterile filter paper discs impregnated with N, N-dimethyl-pphenylenediamine oxalate, ascorbic acid and a-naphthol. These discs overcome
the necessity of daily preparation of fresh reagent (Tarrand and Gröschel,
1982).
Procedure:

Oxidase reaction is carried out by touching and spreading a well isolated colony
on the oxidase disc. The reaction is observed within 5-10 seconds at 25-30°C. A
change later than 10 seconds or no change at all is considered negative reaction

Indole test
Principle: indole test is used to determine the ability of an organism to split
amino acid tryptophan to form the compound indole. Tryptophan is hydrolysed
by tryptophanase to produce three possible end products – one of which is
indole. Indole production is detected by Kovac’s or Ehrlich’s reagent which
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contains 4 (p)-dimethylamino benzaldehyde, this reacts with indole to produce a
red coloured compound (Koneman et al., 1992).

Procedure:
1- Tryptophan broth were inoculated with

isolated colony of the tested

organism in tryptophan broth.
2- Tryptophan broth incubated at 37°C for 24-28 hours in ambient air.
3- 0.5 ml of Kovac’s reagent p-dimethylaminobenzaldehyde were added to the
culture.
4- Pink colored rink after addition of appropriate reagent indicate appositive
result
Methyl red test
The methyl red test detects the production of sufficient acid during the
fermentation of glucose and the maintenance of conditions such that the pH of
an old culture is sustained below a value of about 4.5, as shown by a change in
the color of the methyl red indicator which is added at the end of the period of
incubation. One or two drops of methyl red reagent were added after 18 to 24
hours of incubation at 35°C , red color development indicates appositive result
(Barry et al., 1970).

Voges-proskauer test
Voges-proskauer is a test used to detect acetoin in a bacterial broth culture. The
test is performed by adding alpha-naphthol and potassium hydroxide to the
Voges-Proskauer broth which has been inoculated with bacteria. A cherry red
color indicates a positive result, while a yellow-brown color indicates a negative
result. Most species of the Enterobacteriaceae are Voges-proskauer positive
(Koneman et al., 1992).
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Citrate utilization test
When an organic acid such as citrate is used as a carbon and energy source,
alkaline carbonates and bicarbonates are produced ultimately. The principle of
this test is to determine the ability of an organism to utilize sodium citrate as the
sole source of carbon for metabolism and growth. Simon's citrate medium which
contains bromothymolblue as indicator is used for this purpose. After
inoculation of media with the tested organism at 35°C for 18 to 24 hours a blue
color production indicates the presence of alkaline products as appositive citrate
utilization test (Koneman et al., 1992).

Urease test
Urea is a diamide of carbonic acid. It is hydrolyzed with the release of ammonia
and carbon dioxide. Many organisms especially those that infect the urinary
tract, have a urease enzyme which is able to split urea in the presence of water to
release ammonia and carbon dioxide. The ammonia combines with carbon
dioxide and water to form ammonium carbonate which turns the medium
alkaline, turning the indicator phenol red from its original orange yellow color to
bright pink.
The broth medium is inoculated with a loopful of a pure culture of the test
organism; the surface of the agar slant is spreaded with the test organism. the
cap left on loosely and the test tube incubated at 35 °C in ambient air for 18 to
24 hours. Production of blue color indicate the presence of alkaline products
which is mean the test is positive (Koneman et al., 1992).
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3.5.3 Confirmatory identification
API 20E system for the identification of Enterobacteriaceae
Principle: API 20E system for the identification of bacterial isolates using
commercial biochemical test kits (bioMerieux API). API test strips consists of
20microtubes (cupules) containing dehydrated substrates to detect the enzymatic
activity or the assimilation/fermentation of sugars by the inoculated organisms.
During incubation, metabolism produces colour changes that are either
spontaneous or revealed by the addition of reagents. When the carbohydrates are
fermented, the pH within the cupule changes and is shown by an indicator.
Assimilation tests are inoculated with a minimal medium (API AUX medium)
and the bacteria grow if they are able to utilize the corresponding substrate: a
positive result is indicated by growth. Test results are entered into an online
database to determine the bacterial identity.
Procedure
Bacterial suspension were prepared by emulsifying 2 to 3 pure colonies of
the bacterial isolates in 5.0 ml of API suspension medium or 0.85% saline to the
equivalent of a 0.5 McFarland turbidity standard. 5ml of sterile distilled water
were added into the tray to provide a moist atmosphere which prevent drying of
the strip. The strip laid in the tray and incubated for 18 to 24 hours at 37°C.
API20E reagents were added to 3 labelled wells TDA, IND and VP as showed
in the table below.
Table( 3.2): API20E reagents

Well

Reagent

TDA

One drop of TDA reagent

IND

One drop of James reagent

VP

One drop of VP1 then one drop of VP2
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The results were read according to the table (3.3)
Table (3.3): Reading guide table of API20E

TEST

REACTION

NEGATIVE

POSITIVE

ONPG

-galactosidase

Colourless

Yellow (maybe pale)

ADH

Arginine dihydrolase

Yellow

Orange or red

LDC

Lysine decarboxylase

Yellow

Orange or red

ODC

Ornithine decarboxylase

Yellow

Orange or red

CIT

Citrate utilisation

Light green

Blue-green or blue

H2S

H2S production

Colourless

Black

URE

Urea hydrolysis

Yellow

Pink

TDA

Tryptophan deamination

Yellow

Dark brown

IND

Indole production

Colourless
reagent

Pink

VP

Acetoin production

Colourless

Pink or red

GEL

Gelatin hydrolysis

Colourless

Black
pigment

GLU

Glucose fermentation

Blue

Yellow

MAN

Mannitol

Blue

Yellow

INO

Inositol

Blue

Yellow

SOR

Sorbitol

Blue

Yellow

RHA

Rhamnose

Blue

Yellow

SAC

Sucrose

Blue

Yellow

MEL

Melibiose

Blue

Yellow

AMY

Amygdalin

Blue

Yellow

ARA

Arabinose

Blue

Yellow

Oxidase

Cytochrome oxidase

Colourless

Purple
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diffuse

3.5.4 Antimicrobial susceptibility test (The Kirby-Bauer method)

Small filter paper disks (6 mm) impregnated with a standard amount of
antibiotic (commercially available) were placed onto a Muller Hinton agar
plates to which test bacteria have been swabbed. The plates were incubated
overnight at 37 °C, and the zone of inhibition of bacterial growth was used as a
measure of susceptibility. Interpretation of results was done according to the
criteria of the Clinical and Laboratory Standards Institute (CLSI, 2011).
Screening for MRSA was done by testing for oxacillin (1 μg) resistance as per
instructions of CLSI.

3.5.5 In vitro activity of tigecycline

All isolated Gram positive and negative bacteria were evaluated for their
susceptibility and resistance to the tigecycline (glycylcyclines) antibiotic using
disc diffusion techniques according to the criteria of the CLSI, 2011. Resistant
isolates were further confirmed using E-test according to the US Food and Drug
Administration (FDA) breakpoints and the manufacturer's instructions
respectively.
Susceptibility test with a 15 µg tigecycline disk and minimal inhibitory
concentration (MIC) were interpreted according to the criteria in Table 4.4.
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Table (3.4): Susceptibility test result interpretive criteria for tigecycline (CLSI, 2011)

Minimal Inhibitory
Concentration (µg/ml)
Pathogen
S. aureus (including MRSA)
Streptococcus spp. other than S.
pneumonia
Enterococcus fecalis (vancomycinsusceptible isolates only
Enterobacteriaceaeb
Anaerobsc
a

Disk Diffusion
(zone diameter in mm)

S
≤0.5a

I

R

S

I

R

-

-

≥19

-

-

≤0.25a

-

-

≥19

-

-

≤0.25a

-

-

≥19

-

-

≤2
≤4

4

≥8

≥19

15-18

8

≥16

N/A

N/A

≤14
N/A

The current absence of resistant isolates precludes defining any results other than

“Susceptible.” Isolates yielding MIC results suggestive of “Nonsusceptible” category
should be submitted to reference laboratory for further testing.
b

Tigecycline has decreased in vitro activity against Morganella spp., Proteus spp. and

Providencia spp.
c

Agar dilution

3.5.6 Principle of E-Test
The Etest gradient technology is based on a combination of the concepts of
dilution and diffusion principles for susceptibility testing. As with other dilution
methods, E-test directly quantifies antimicrobial susceptibility in terms of
discrete minimal inhibition concentration (MIC) values. However, in using a
predefined, stable and continuous antibiotic concentration gradient, Etest MIC
values can be more precise and reproducible than results obtained from
conventional procedures based on discontinuous two-fold serial dilutions.
E-test is a thin, inert and non-porous plastic strip. One side of the strip (A)
carries the MIC reading scale in μg/mL and a two or three-letter code on the
handle to designate the identity of the antibiotic. A predefined exponential
gradient of antibiotic dried and stabilized is immobilized on the other side of the
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strip with the concentration maximum at the bottom and the minimum at the top
(Figure 3.1). The gradient covers a continuous concentration range across 15
two-fold dilutions of a conventional MIC method.
Antibiotic code

MIC Reading scale (μg/mL)
Figure (3.1): E-test gradient configuration.

When an E-test gradient strip is applied to an inoculated agar surface, there is
immediate and effective transfer of the preformed antibiotic gradient on the
plastic carrier surface into the agar matrix. A stable, continuous and exponential
gradient of antibiotic concentrations is formed directly underneath the strip.
After incubation, whereby bacterial growth becomes visible, a symmetrical
inhibition ellipse centered along the strip is seen. The MIC value is read from
the scale in terms of μg/mL where the pointed end of the ellipse intersects the
strip.
To obtain reproducible MICs from a gradient based system, the stability of the
gradient must be maintained throughout the critical period when the position of
the growth/inhibition edge for a particular bacterium/antibiotic combination is
determined. Due to the stability and precision of the Etest predefined gradient,
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MIC values have been shown to be reproducible and equivalent to those of the
CLSI reference dilution procedures.

3.5.7 Materials required for E-test
• Agar plates (90 mm or 150 mm) with the appropriate susceptibility test
media
• Inoculum suspension media
• Swabs (sterile, non-toxic and not too tightly spun), test tubes, and scissors
• Forceps or similar device
• 0.5 and 1 McFarland turbidity standards
• Incubator (35 ± 2 °C), anaerobic jar or chamber or CO2 enriched chamber

3.5.8 E-test method

Several well-isolated colonies from an overnight agar plate emulsified in a
suitable suspension medium to achieve the specified inoculum turbidity by
comparing to a McFarland turbidity standard. A sterile swab spun in the
inoculum suspension and excess fluid removed by pressing it against the inside
wall of the test tube. More fluid removed when spreading a 90 mm plate and
less for a 150 mm plate. The entire agar surface carefully spreaded three times
by rotating the plate 60 degrees each time to evenly distribute the inoculum.
Excess moisture allowed to be absorbed for approximately 15 to 20 minutes so
that the surface is completely dry before applying the Etest gradient strips. The
agar plates incubated in an inverted position (lid down) in stacks not higher than
five plates.
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3.6 Statistical analyses

Obtained data were analyzed statistically using SPSS program (SPSS version,
22). Frequencies, cross tabulation and appropriate statistical tests as Chi-square
test, fisher exact test and others were performed.
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CHAPTER 4
RESULTS
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Chapter 4
Results
This chapter presents the findings of statistical analysis of data. Description of
demographic characteristics of study participants was illustrated and the results
of different variables were identified, moreover, correlations between selected
variables were explored as illustrated below.

4.1 Demographic characteristics of the study population
A total of 1300 patients were admitted to the ICU departments in the EGH
during the study period, 476 different samples were collected. Only 90(18.9%)
samples were positive while 386 samples were negative. The patients aged
between 1 month and 93 years, with mean age was 16.97 years.
The distribution of study participants showing that 49 (54.4%) were male and 41
(45.6%) were female; 68(75.6%) were not married (single, widowed and
divorced) and 22(24.4%) were married; 40(66.7%) patients were not educated,
8(8.9%) were in primary school, 12(13.3%) were in secondary school and
10(11.1%) had university education; 10(11.1%) of the study participants were
employed and 80(88.9%) were unemployed; the majority of study participants
88(97.8%) were non-smokers and 2(2.2%) were smokers.
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Table (4.1): Demographic characteristics of study participants

Variable

Category

Frequency

Percent

Male

49

54.4

Female

41

45.6

Total

90

100.0

Single

68

75.6

Married

22

24.4

Total

90

100.0

None (preschool age)

60

66.7

Primary

8

8.9

Secondary

12

13.3

University

10

11.1

Total

90

100.0

Working

10

11.1

Not working

80

88.9

Total

90

100.0

Smoker

2

2.2

Nonsmoker

88

97.8

Total

90

100.0

Gender

Marital status

Level of
education

Working status

Smoking status

4.2 Clinical data
4.2.1 Hospitalization data
Samples were collected from four ICU departments during the study period
from May 2015 to Jan. 2016. The majority of samples were collected from
Special Care for Babies Unit (SCBU) 42(46.6%), Adult Intensive Care Unit
(AICU) 29(32.2%), Pediatric Intensive Care Unit (PICU) 15(16.6 %) and
Cardiac Care Unit (CCU) 4(4.4%). Among the total admitted patients, 36(40%)
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were admitted directly from home to the hospital, 13(14.4%) were admitted
from other hospital departments, and 41(45.6%) were transferred from other
hospitals. In addition, 50% of the study participants were surgical patients and
50% were medical patients.
Table (4.2): Distribution of study participants by admission place and type

Variable

Place of
admission

Referral of
patient

Type of
admission

Category

Frequency

Percent

AICU

29

32.2

PICU

15

16.7

SCBU

42

46.7

CCU
Total

4

4.4

90

100.0

Home

36

40.0

Other hospital
department

13

14.4

Another hospital

41

45.6

Total

90

100.0

Surgical

45

50.0

Medical

45

50.0

Total

90

100.0

4.2.2 Acquired infection and length of stay in the hospital
Table (4.3) showing that 12(13.3%) of patients acquired infections from a
community base, 21(23.4%) acquired infections from the hospital in their
original department before transmitted to the ICU departments, 57(63.3%)
acquired infections after they were admitted to ICU departments. Moreover,
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15(16.7%) stayed in ICU department for 1 – 3 days, 21(23.3%) stayed for 4 – 7
days, and 54(60%) stayed for more than 7 days.
Table (4.3): Distribution of study participants by source of infection and length of stay in
ICU

Variable
Source of
infection

Infection after
admission to
critical care
department
Length of stay in
critical care
department

Category

Frequency

Percent (%)

Acquired (community)

12

13.3

Acquired (hospital)

21

23.4

No acquired infection
Total

57

63.3

90

100.0

Yes

57

63.3

No

33

36.7

Total

90

100.0

1 – 3 days

15

16.7

4 – 7 days

21

23.3

> 7 days

54

60.0

Total

90

100.0

4.2.3 Other health conditions
As shown in table (4.4), 39(43.3%) of patients underwent surgery, and
13(14.4%) had Diabetes mellitus.
Table (4.4): Distribution of study participants by other health conditions

Variable
Surgical
operation
Presence of
Diabetes
mellitus

Category

Frequency

Percent

Yes

39

43.3

No
Total

51

56.7

90

100.0

Yes

13

14.4

No

77

85.6

Total

90

100.0
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4.2.4 Site of infection
Table (4.5) showing that 37(41.1%) of study participants had chest infection,
28(31.1%) had infection in blood, 6(6.7%) had urinary tract infection, 18(20%)
had wound infection, and 1(1.1%) had lumber spine infection. For collected
samples, the results showing that 28(31.1%) were blood samples, 36(40%)
sputum, 18(20%) pus, 1(1.1%) CSF, 1(1.1%) fluid / exudate, and 6 (6.7%)
urine.
Table (4.5): Distribution of study participants by site of infection and type of sample

Variable

Site of infection

Type of sample

Category

Frequency

Percent

Chest

37

41.1

Blood

28

31.1

UTI

6

6.7

Wound

18

20.0

Lumber spine
Total

1

1.1

90

100.0

Blood

28

31.1

Sputum

36

40.0

Pus

18

20.0

CSF

1

1.1

Fluid (exudate)

1

1.1

Urine

6

6.7

Total

90

100.0
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4.3 Risk factors for acquired infection in ICU
Table (4.6) showing that 76(84.4%) of patients had central venous catheter,
71(78.9%) were intubated, 57(63.3%) received sedation, 5(5.6%) had
tracheostomy, 73(81.1%) had nasogastric tube, 66(73.3%) were on mechanical
ventilation, and 73(81.1%) had urinary catheter.
Table (4.6): Distribution of study participants by invasive procedures

Variable
Central venous catheter

Intubation

Sedation

Tracheostomy

Nasogastric tube

Mechanical ventilation

Urinary catheter

Category

Frequency

Percent

Yes

76

84.4

No
Total

14

15.6

90

100.0

Yes

71

78.9

No

19

21.1

Total
Yes

90
57

100.0
63.3

No

33

36.7

Total
Yes

90
5

100.0
5.6

No

85

94.4

Total

90

100.0

Yes

73

81.1

No

17

18.9

Total
Yes

90
66

100.0
73.3

No

24

26.7

Total

90

100.0

Yes

73

81.1

No

17

18.9

Total

90

100.0
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4.3.1 Mortality rate and susceptibility to tigecycline
Table 4.7 shows that 33(55.9%) of the pathogens that were isolated from the
alive patients were susceptible to tigecycline versus 24 (77.4%) of the isolated
pathogens from patients whom died were susceptible to tigecycline. The
mortality rate reached 34% (31/90) in ICU patients with positive culture
pathogens (Fig. 4.1).
Table (4.7): Mortality rate and susceptibility to tigecycline

Mortality rate

Susceptibility to tigecycline
S
I
R
No. % No. % No. %

Total
No.%

Alive

33

55.9

4

6.8

22

37.3

59(100.0)

Died

24

77.4

1

3.2

6

19.4

31(100.0)

Mortality rate

Alive

Dead

Figure (4.1): Mortality rate among the patients of the ICU departments
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Resistance profile of died patients figure (4.2) showing that tigecycline,
amikacin,

pipracillin/tazobactam

were

the

most

effective

antibiotics

SXT

TOB

respectively.

120
100
80

60
40
20

0
TGC

MRP

AK

TZP

CIP

AMP AMX CRO

CN

KF

CXM

Figure (4.2) : Resistance profile of died patients to the tested antibiotics
Abbreviations: AK, amikacin; AMP, ampicillin; AMX, amoxicillin; CAZ, ceftazidim; CIP,
ciprofloxacin; CN, gentamicin; CRO, ceftriaxone; CXM, cefuroxime; DA, clindamycin; MRP,
meropenem; SXT, trimethoprim/sulfamethoxazole; P, penicillin; TOB, tobramycin; TZP,
pipracillin-tazobactam; VA, vancomycin; KF, cephalothin.
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4.4 Isolated pathogens
Ninety clinical isolates were evaluated at this study including gram positive and
negative isolates.
4.4.1 Gram positive isolates
The total of Gram positive isolates was 15: Eleven MRSA isolates were
recovered from AICU (n=4), PICU (n=2) and SCBU (n=5). While, four
Streptococcus spp. isolates were recovered from SCBU (n=3) and PICU (n=1).
4.4.2 Gram negative isolates
As showing in (table 4.8) and figures (4.2 A-D), there were 75 Gram negative
isolates recovered in this study (n=75): These included 24 isolates of K.
pneumoniae, 21 isolates of A. baumanii, 16 isolates of P. aeruginosa, 4 isolates
of E. coli, 1 isolate of Alcaligenes spp., 2 isolates of Enterobacter cloacae, 2
isolates of P. mirabilis, 2 isolates of Morganella morganii, 2 isolates of
Klebssiella oxytoca and 1 isolate of Serratia spp.
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Table (4.8): Distribution of Gram negative isolated pathogen according to the ICU
department

ICU department
Isolated pathogen

E. coli
P. aeruginosa
Alcaligenes spp.
K. pneumoniae
A. baumanni
Enterobacter cloacae
P. mirabilis
Morganella morganii
K. oxytoca
Serratia spp.

AICU
No.

PICU
No.

SCBU
No.

CCU

2
5
0
8
7
1
1
0
1
0

1
4
1
3
2
1
0
0
0
0

1
6
0
11
12
0
1
2
0
1

0
1
0
2
0
0
0
0
1
0

No.

Total
(%)
4(5.3)
16(21.3)
1(1.3)
24(32.0)
21(28)
2(2.66)
2(2.66)
2(2.66)
2(2.66)
1(1.3)
75(100%)

Figure (4.3A): A photograph showing reactions of K. pneumoniae on API 20E
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Figure (4.3B): A photograph showing reactions of Morganella morganii on API20E

Figure(4.3C): A photograph showing reactions of P. aeruginosa on API20E

Figure (4.3D): A photograph showing reactions of E. coli on API20E

4.5 Susceptibility to tigecycline
Tigecycline susceptibility were determined by using disk diffusion method
(Figure 4.4) and the resistant results were confirmed by E-test (Figures 4.4A,
4.4B). Tigecycline susceptibility for all isolated pathogens are shown in Table
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(4.9). Susceptibility to tigecycline were observed in 62(68.9%) of the isolates 57
(63.3%) were sensitive, 5(5.6%) were intermediate) and 28(31.1%) were
resistant. Among the gram negative isolates E. coli, K. oxytoca and Serratia spp.
were all 100% susceptible to tigecycline. Among the K. pneumoniae isolates
(n=24), 19(79.2%) were susceptible to tigecycline, 2 were intermediate and 3
were resistant. Among P. aeruginosa (n=16), 3 were sensitive and 13(81.3%)
were resistant. The one isolate of Alcaligenes spp. was resistant. Among
A.baumanii (n=21), 11(52.4%) were susceptible, 3 were intermediate and 7 were
resistant. Among Enterobacter cloacae (n=2), 1 was susceptible and 1 was
resistant. The two P. mirabilis isolates were resistant. Among the isolates of
Morganella morganii (n=2) one isolate was susceptible and the other was
resistant.

Figure (4.4): A photograph showing disk diffusion for tigecycline susceptibility isolate
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Figure (4.4A): A photograph showing sensitive E-test isolate (MIC = 1.0 μg)

Figure (4.4B): A photograph showing resistant E-test isolate (MIC = 48 μg)
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Figure (4.5): Resistance profile of isolated pathogens to the tigecycline
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Table (4.9): Susceptibility of the isolated pathogens to tigecycline.

Susceptibility to tigecycline
Isolated pathogen

Total

S

I

R

No. %

No. %

No. %

No.%

E. coli

4(100)

0(0.0)

0(0.0)

4(100)

S. aureus

11(100)

0(0.0)

0(0.0)

11(100)

P. aeruginosa

3(18.7)

0(0.0)

13(81.3)

16(100)

Alcaligenes spp.

0(0.0)

0(0.0)

1(100.0)

1(100)

K. pneumoniae

19(79.2)

2(8.3)

3(12.5)

24(100)

11(52.3) 3(14.3)

7(33.3)

21(100)

Enterobacter cloacae

1(50.0)

0(0.0)

1(50.0)

2(100)

P. mirabilis

0(0.0)

0(0.0)

2(100)

2(100)

Streptococcus spp.

4(100)

0(0.0)

0(0.0)

4(100)

Morganella morganii

1(50)

0(0.0)

1(50)

2(100)

K. oxytoca

2(100)

0(0.0)

0(0.0)

2(100)

Serratia spp.

1(100)

0(0.0)

0(0.0)

1(100)

A. baumanni

4.6 Resistance profile of tigecycline
4.6.1 Resistance to tigecycline in relation to selected variables
Analysis of susceptibility to tigecycline showing that 28 isolates were resistant,
of them 16 (57.1%) from males and 12 (42.9%) from female patients, their mean
age was 12.7 years. These patients were admitted to the ICU departments
(AICU, PICU, SCBU, and CCU). Correlation with selected variables is shown
in the following tables:
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Table (4.10) showing that male patients had significant higher rates of resistance
to tigecycline compared to female patients (P value= 0.036).
Table (4.10): Resistance to tigecycline related to gender

Department
Gender

Male
Female

Total

AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.%

No.

%

6(21.4) 5(17.9)

4(14.30

1(3.6)

16

57.1

2(7.1)

8(28.6)

1(3.6)

12

42.9

1(3.6)

Chi

P

Square

value

5.542

0.036*

*significant at P value <0.05.
Table (4.11) showing that surgical patients had significant higher rates of
resistance to tigecycline compared to medical patients (P value = 0.001).

Table (4.11): Resistance to tigecycline related to type of patient

Department
Type of
patient

Total

AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.% No.

8(28.6) 4(14.3) 5(17.9) 2(7.1)

19

67.9

Medical

0(0.0)

9

32.1

7(25.0) 0(0.0)

P

Square

value

8.515

0.001*

%

Surgical

2(7.1)

Chi

*significant at P value <0.05.
Table (4.12) showing that length of stay in the hospital contribute to significant
higher rates of resistance to tigecycline (P value= 0.033).
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Table (4.12): Resistance to tigecycline related to length of stay in hospital

Department
Length
of stay
1–3
days
4–7
days
>7
days

Total

AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.% No.

2(7.1)

0(0.0)

0(0.0)

1(3.6)

0(0.0)

1(3.6)

Chi

P

Square

value

11.298

0.033*

%

3

10.7

4(14.3) 1(3.6)

6

21.4

6(21.4) 5(17.9) 8(28.6) 0(0.0)

19

67.9

*significant at P value <0.05.
Table (4.13) showing that there were insignificant differences in rates of
resistance to tigecycline between different samples (P value= 0.071). However,
isolates recovered from sputum samples had higher resistant (42.9%) to
tigecycline in comparison to other clinical samples.
Table (4.13): Resistance to tigecycline related to type of sample

Type of

Department

Total

AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.%

No.

%

Blood

1(3.6)

1(3.6)

5(17.9)

0(0.0)

7

25.0

Sputum

3(10.7)

5(17.9) 4(14.30 0(0.0)

12

42.9

Pus

4(14.30

0(0.00

1(3.6)

2(7.1)

7

25.0

CSF

0(0.0)

0(0.0)

1(3.6)

0(0.0)

1

3.6

Fluid

0(0.0)

0(0.00

1(3.6)

0(0.0)

1

3.6

sample
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Chi

P

Square value

17.958

0.071

Table (4.14) showing significant higher rates of resistance to tigecycline among
patients who had chest infection compared to other sites of infection (P value =
0.036).
Table (4.14): Resistance to tigecycline related to site of infection

Site of
infection

Department
AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.%

Total

Chi

P value

Square

No.%

Chest

3(10.7) 5(17.9) 5(17.9) 0(0.0) 13 46.4

Blood

1(3.6)

1(3.6)

5(17.9) 0(0.0)

7

25.0

Wound

4(14.3)

0(0.0)

1(3.6)

2(7.1)

7

25.0

Spine

0(0.0)

0(0.0)

1(3.6)

0(0.0)

1

3.6

16.051

0.036*

*significant at P value <0.05.
Table (4.15) showing significant higher rates of resistance to tigecycline among
patients who had nasogastric tube (P = 0.001) and patients who had urinary
catheter (P value = 0.036), while central venous catheter, intubation, mechanical
ventilation and tracheostomy did not contribute to significant differences in
resistance to tigecycline.
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Table (4.15): Resistance to tigecycline according to invasive procedures

Department
Type of

Total

AICU

PICU

SCBU

CCU

No.%

No.%

No.%

No.%

No.%

Yes 7(25.0)

6(21.4)

10(35.7)

2(7.1)

25(89.3)

No

0(0.0)

2(7.1)

0(0.0)

3(10.7)

Yes 8(28.6) 4(14.30

8(28.6)

2(7.1)

22(78.6)

No

0(0.0)

2(7.10

4(14.30

0(0.00

6(21.4)

Yes

1(3.6)

1(3.6)

0(0.0)

0(0.0)

2(7.1)

No

7(25.0)

5(17.9)

12(42.9)

2(7.1)

26(92.9)

Yes 7(25.0)

6(21.4)

8(28.6)

0(0.00 21(75.0)

No

1(3.6)

0(0.00

4(14.3)

2(7.1)

7(25.0)

Mechanical

Yes 7(25.0)

4(14.3)

9(32.1)

0(0.0)

20(71.4)

ventilation

No

1(3.6)

2(7.1)

3(10.7)

2(7.1)

8(28.6)

Yes 8(28.6)

3(10.7)

10(35.7)

2(7.1)

23(82.1)

No

3(10.7)

2(7.1)

0(0.0)

5(17.9)

procedure
Central
venous cath.
Intubation

Tracheostomy

NG tube

Urinary cath.

1(3.6)

0(0.0)

*significant at P value <0.05.
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Chi

P

Square

value

1.431

0.857

4.242

0.107

2.244

0.571

9.111

0.001*

6.154

0.107

6.412

0.036*
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Figure (4.6): Resistant profile of all isolated pathogens to the tested antibiotics

Figure (4.6) shows the resistant profile of all isolated pathogens (including Gram positive and Gram negative) to the tested antibiotics
used in this study, it displays a high resistant rate among most of the isolates to the most tested antibiotics.
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4.6.2

Resistant profile of gram positive isolates to other classes of

antimicrobial agents
The results shows the resistance

pattern of common used classes of

antimicrobial agents in EGH against gram positive isolates included in this
study. Among the MRSA isolates, meropenem, amikacin and vancomycin were
the most effective agents (Figure 4.7). Moreover, 18.2% of those MRSA were
resistant to vancomycin (VRSA) and this is alarming finding.
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0

Figure (4.7): Resistance profile for MRSA to other classes of antimicrobial agents
Abbreviations: AK, amikacin; AMP, ampicillin; AMX, amoxicillin; CAZ, ceftazidim; CIP,
ciprofloxacin; CN, gentamicin; CRO, ceftriaxone; CXM, cefuroxime; DA, clindamycin; MRP,
meropenem; SXT, trimethoprim/sulfamethoxazole; P, penicillin; TOB, tobramycin; TZP,
pipracillin-tazobactam; VA, vancomycin; KF, cephalothin.
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Table (4.16): Antibiogram resistance typing of 11 MRSA isolates

Resistance pattern
AMP, AMX, P

Resistance type
I.

AMP, AMX, P, CRO, CXM
AMP, AMX, P, CRO, CN, TOB
AMP, AMX, P, CRO, CAZ, KF, CXM, DA
AMP, AMX, P, TZP, KF, TOB, CXM, DA,
AMP, AMX, P, TZP, CAZ, CIP, CRO, KF, TOB, CXM, SXT,DA
AMP, AMX, P, TZP, CAZ, CIP, CRO, AK, CN, KF, TOB, CXM, DA
AMP, AMX, P, TZP, CAZ, CIP, CRO, CN, KF,TOB, CXM, DA, MRP, AK

II.
III.
IV.
V.
VI.
VII.
VIII.

No. of isolates (%)
1(9.1)
1(9.1)
2(18.2)
1(9.1
1( 9.1)
1(9.1)
2(18.2)
2(18.2)

From table (4.16), almost all MRSA isolates (81.8%) were MDR ( resist to at least one agent in three or more antimicrobial
categories) except for (18.2%), all the isolates were resist to amoxicillin, ampicillin, methicillin, and penicillin.
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Table (4.17): Susceptibility of gram positive isolates to other classes of antimicrobial agents

MRSA (n=11)

Streptococcus spp. (n=4)

Antibiotic

Freq.
(%)
S

Freq.
(%)
I

Freq.
(%)
R

Freq.
(%)
S

Freq.
(%)
I

Freq.
(%)
R

AK

8(72.7)

0(0.0)

3(27.3)

4(100)

0(0.0)

0(0.0)

AMP

0(0.0)

0(0.0)

11(100.)

0(0.0)

0(0.0)

4(100)

AMX

0(0.0)

0(0.0)

11(100)

1(25.0)

0(0.0)

3(75.0)

CAZ

5(45.4)

0(0.0)

6(54.6)

2(50.0)

0(0.0)

2(50.0)

CIP

5(45.5)

1(9.0)

5(45.5)

3(75.0)

0(0.0)

1(25.0)

CN

3(27.3)

2(18.1)

6(54.6)

3(75.0)

0(0.0)

1(25.0)

CRO

2(18.1)

0(0.0)

9(81.8)

3(75.0)

0(0.0)

1(25.0)

CXM

2(18.1)

1(9.2)

8(72.7)

3(75.0)

0(0.0)

1(25.0)

SXT

7(63.6)

0(0.0)

4(36.3)

4(100)

0(0.0)

0(0.0)

DA

4(36.3)

0(0.0)

7(63.7)

3(75.0)

0(0.0)

1(25.0)

MRP

9(81.8)

0(0.0)

2(18.2)

4(100)

0(0.0)

0(0.0)

P

0(0.0)

0(0.0)

11(100)

0(0.0)

0(0.0)

4(100.0)

TOB

3(27.3)

0(0.0)

8(72.7)

2(50.0)

0(0.0)

2(50.0)

TZP

5(45.5)

0(0.0)

6(54.5)

4(100)

0(0.0)

0(0.0)

VA

6(54.5)

3(27.3)

2(18.2)

2(50.0)

0(0.0)

2(50.0)

Abbreviations: AK, amikacin; AMP, ampicillin; AMX, amoxicillin; CAZ, ceftazidim; CIP,
ciprofloxacin; CN, gentamicin; CRO, ceftriaxone; CXM, cefuroxime; DA, clindamycin; MRP,
meropenem; SXT, trimethoprim/sulfamethoxazole; P, penicillin; TOB, tobramycin; TZP,
pipracillin-tazobactam; VA, vancomycin; KF, cephalothin.
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Figure (4.8): Resistant profile of Streptococcus spp. to other classes of antimicrobial agents

Figure (4.8) shows that amikacin, meropenem, pipracillin/tazobactam and
trimethoprim/sulfamethoxazole were the most effective antimicrobial agents
against Streptococcus spp., with sensitivity rate reached 100%.
4.6.3 Resistant profile of Gram negative isolates to other classes of
antimicrobial agents
Table 4.18 showing that E. coli (n=4) were susceptible to amikacin and
pipracillin-tazobactam, 50% of E. coli were susceptible to meropenem. Among
P. aeruginosa (n=16), meropenem and amikacin were the most effective
antimicrobial agents. Among Alcaligenes spp., meropenem, amikacin,
pipracillin-tazobactam, ciprofloxacin, ceftriaxone and gentamicin were the most
effective drugs. Among K. pneumoniae isolates (n=24), Amikacin and
pipracillin-tazobactam were the most effective agents, while meropenem
resistance was encountered in 9/24(37.5%) isolates. In the case of A. baumanni
(n=21), amikacin, pipracillin-tazobactam and gentamicin showed poor activity
with only few isolates being susceptible. Meropenem resistance was
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encountered in 11/21(52.4%) isolates. Enterobacter cloace (n=2), were
susceptible to meropenem, amikacin, pipracillin-tazobactam, ceftazidim,
ciprofloxacin and tobramycin. Among P. mirabilis (n=2), pipracillintazobactam, gentamicin, ciprofloxacin, amikacin, meropenem and ceftriaxone
all were 100% effective. The two Morganella morganii isolates were susceptible
to all tested antibiotics except for ampicillin, amoxicillin and cephalothin. Both
isolate of K. oxytoca were 100% susceptible to amikacin and meropenem. The
isolate of Serratia spp., was sensitive to meropenem, ciprofloxacin, ceftriaxone,
amikacin, pipracillin-tazobactam, and gentamicin.
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K. pneumoniae
(n =24)

A. baumanni
(n= 21)

Enterobacter
spp. (n= 2)

P. mirabilis
(n = 2)

Morganella
morganii
(n = 2)

4(100.0)

14(87.5)

1(100.0)

19(79.2)

4(19.0)

2(100.0)

1(50.0)

2(100.0) 2(100.0) 1(100.0)

AK

Freq.%

I

0(0.0)

1(6.25)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

1(50.0)

0(0.0)

0(0.0)

0(0.0)

Freq.%

R

0(0.0)

1(6.25)

0(0.0)

5(20.8)

17(81.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq.%

S

0(0.0)

1 (6.3)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

AMP

Freq.%

I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq.%

R

4(100.0)

15(93.7)

1(100)

Freq.%

S

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

AMX

Freq.%

I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq.%

R

4(100.0)

16(100)

Freq.%

S

3(75.0)

7(43.7)

0(0.0)

3(12.5)

0(0.0)

2(100.0)

1(50.0)

2(100.0)

0(0.0)

0(0.0)

CAZ

Freq.%

I

0(0.0)

0(0.0)

0(0.0)

1(4.2)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq.%

R

1(25.0)

9(56.3)

1(100.0)

20(83.3)

21(100.0)

0(0.0)

1(50.0)

0(0.0)

Serratia spp.
(n = 1)

Alcaligenes
spp. (n=1)

S

K. oxytoca
(n= 2)

P. aeruginosa
(n=16)

Freq.%

Antibiotic

E. coli(n=4)

Table (4.18 ): Susceptibility profile of Gram negative isolates to other classes of antimicrobial agents

24(100.0) 21(100.0) 2(100.0) 2(100.0) 2(100.0) 2(100.0) 1(100.0)

1(100.0) 24(100.0) 21(100.0) 2(100.0) 2(100.0) 2(100.0) 2(100.0) 1(100.0)
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2(100.0) 1(100.0)

Table (4.18): Continue

CIP

CN

CRO

CXM

SXT

Freq. % S

2(50.0)

10(62.5)

1(100.0)

10(41.6)

0(0.0)

Freq. % I

1(25.0)

0(0.0)

0(0.0)

1(4.2)

0(0.0)

0(0.0)

Freq. % R

1(25.0)

6(37.5)

0(0.0)

13(54.2)

21(100.0)

0(0.0)

Freq. % S

2(50.0)

10(62.5)

1(100.0)

8(33.3)

3(14.3)

1(50.0)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

1(4.2)

1(4.7)

0(0.0)

0(0.0)

Freq. % R

2(50.0)

6(37.5)

0(0.0)

15(62.5)

17(81.0)

1(50.0)

0(0.0)

Freq. % S

2(50.0)

6(37.5)

1(100.0)

4(16.7)

1(4.7)

1(50.0)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % R

2(50.0)

10(62.5)

0(0.0)

20(83.3)

20(95.3)

1(50.0)

Freq. % S

1(25.0)

3(18.7)

0(0.0)

3(12.5)

1(4.7)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % R

3(75.0)

13(81.3)

1(100.0)

Freq. % S

0(0.0)

1(6.3)

Freq. % I

0(0.0)

Freq. % R 4(100.0)

1(50.0)

0(0.0)

0(0.0)

0(0.0)

1(50.0)

0(0.0)

1(100.0)

0(0.0)

0(0.0)

2(100.0)

0(0.0)

0(0.0)

1(100.0)

0(0.0)

1(50.0)

0(0.0)

0(0.0)

1(50.0)

0(0.0)

0(0.0)

1(100.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

2(100.0)

0(0.0)

0(0.0)

0(0.0)

2(100.0)

0(0.0)

0(0.0)

0(0.0)

1(50.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

21(87.5)

20(95.3)

1(50.0)

2(100.0)

0(0.0)

0(0.0)

3(12.5)

1(4.7)

1(50.0)

1(50.0)

2(100.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

1(4.2)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

15(93.7)

1(100.0)

20(83.3)

20(95.3)

1(50.0)

1(50.0)

0(0.0)
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2(100.0) 2(100.0)

2(100.0) 2(100.0)

2(100.0) 2(100.0)

2(100.0) 1(100.0)

2(100.0) 1(100.0)

Table (4.18): Continue

KF

MRP

TOB

TZP

Freq. % S

1(25.0)

0(0.0)

0(0.0)

3(12.5)

0(0.0)

1(50.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % R

3(75.0)

16(100.0) 1(100.0) 21(87.5) 21(100.0)

1(50.0)

2(100.0) 2(100.0) 2(100.0) 1(100.0)

Freq. % S

2(50.0)

12(75.0)

8(38.2)

2(100.0)

1(50.0)

1(50.0)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

2(9.5)

0(0.0)

1(50.0)

1(50.0)

0(0.0)

0(0.0)

Freq. % R

2(50.0)

4(25.0)

0(0.0)

9(37.5)

11(52.3)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % S

1(25.0)

4(25.0)

0(0.0)

3(12.5)

1(4.7)

2(100.0)

1(50.0)

2(100.0)

0(0.0)

0(0.0)

Freq. % I

0(0.0)

2(50.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % R

3(75.0)

10(62.5)

1(100.0) 21(87.5)

20(95.3)

0(0.0)

1(50.0)

0(0.0)

Freq. % S

4(100.0)

9(56.2)

1(100.0) 19(79.2)

3(14.3)

Freq. % I

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

Freq. % R

0(0.0)

7(43.8)

0(0.0)

5(20.8)

18(85.7)

0(0.0)

0(0.0)

1(100.0) 15(62.5)

2(100.0) 2(100.0) 2(100.0)

2(100.0) 1(100.0)

2(100.0) 1(100.0)
1(50.0)

1(100.0)

0(0.0)

0(0.0)

0(0.0)

0(0.0)

1(50.0)

0(0.0)

Abbreviations: AK, amikacin; AMP, ampicillin; AMX, amoxicillin; CAZ, ceftazidim; CIP, ciprofloxacin; CN, gentamicin; CRO, ceftriaxone; CXM,
cefuroxime; DA, clindamycin; MRP, meropenem; SXT, trimethoprim/sulfamethoxazole; P, penicillin; TOB, tobramycin; TZP, pipracillintazobactam; VA, vancomycin; KF, cephalothin.
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Figure (4.9): Resistant profile of gram negative isolated pathogens to the tested antibiotics
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Table (4.19): Antibiogram resistance typing of 21 A. baumannii isolates

Resistance pattern

Resistance type

AMP, AMX, CAZ, CIP, KF,TOB
AMP, AMX,CRO, CAZ, CIP, SXT, KF, CXM
AMP, AMX, CRO, MRP, CAZ, CIP, CN, SXT, KF,TOB, CXM
AMP, AMX, CRO, TGC, TZP, CAZ, CIP, CN, SXT, KF, TOB, CXM
AMP, AMX, CRO, TGC, TZP, CAZ, CIP, CN, SXT, KF, TOB, CXM, AK
AMP, AMX, CRO, AK, TZP, CAZ, CIP, CN, SXT, KF, TOB, CXM
AMP, AMX, CRO, MRP, AK, TZP, CAZ, CIP, CN, SXT, KF,TOB, CXM
AMP, AMX, CRO, TGC, MRP, AK, TZP, CAZ, CIP, CN, SXT, KF,TOB, CXM

No. of isolates (%)

I.

1(4.76)

II.
III.
IV.
V.
VI.
VII.
VIII.

1(4.76)
1(4.76)
1(4.76)
1(4.76)
6(28.5)
5(23.8)
5(23.8)

Table (4.19) showing that all A. baumannii isolates were highly resistant to the most common used antibiotics, where (
95.3%) were considered as XDR pathogens, and the rest (4.76%) were MDR pathogens.
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Table (4.20): Antibiogram resistance typing of 16 P. aeruginosa isolates

Resistance pattern
AMP, AMX, SXT, KF, TOB
AMP, AMX, SXT, KF, TGC
AMP, AMX, SXT, KF, TGC, CXM
AMP, AMX, SXT, KF, CN , CXM, TGC,
AMX, , TZP, CRO, KF, TOB, TGC, MRP
AMP, AMX, SXT, KF, TGC,CAZ, CRO, TOB, CXM
AMP, AMX, SXT, TZP, CAZ, CRO, KF, TOB, CXM
AMP, AMX, SXT, CAZ, CIP, CRO, KF, TOB, CXM, TGC
AMP, AMX, SXT, AK, TZP, CAZ, CIP, CRO, , KF, TOB, CXM
AMP, AMX, TZP, CAZ, CIP, CRO, SXT, KF, TOB, TGC, MRP, CXM

Resistance type
I.
II.
III.
IV.
V.
VI.
VII.
VIII.
IX.
X.

No. of isolates (%)
1(6.25)
1(6.25)
2(12.5)
2(12.5)
1(6.25)
3(18.75)
1(6.25)
2(12.5)
1(6.25)
2(12.5)

Table (4.20) showing that most of P. aeruginosa isolates were highly resistant to tigecycline and other common used
antibiotics. All P. aeruginosa isolates are considered as MDR pathogens and most of them are XDR pathogens.

89

Table (4.21): Antibiogram resistance typing of 24 K. pneumoniae isolates

Resistance pattern
AMP, AMX, CN

Resistance type

AMP, AMX,CXM
AMP, AMX, TOB, CAZ
AMP, AMX, SXT, KF, CXM
AMP, AMX, CRO, CAZ, SXT, KF, TOB, CXM
AMP, AMX, CRO, CAZ, CN, SXT, KF, TOB, CXM
AMP, AMX, CRO, MRP, CN, SXT, KF, TOB, CXM
AMP, AMX, CRO, CAZ, CIP, CN, SXT, KF, TOB, CXM
AMP, AMX, CRO, CN, MRP, CAZ, CIP, SXT, KF, TOB, CXM
AMP, AMX, CRO, CN, TZP, CAZ, CIP, SXT, KF, TOB, CXM

No. of isolates (%)

I.

1(4.16)

II.
III.
IV.
V.
VI.
VII.
VIII.
IX.
X.

1(4.16)
1(4.16)
1(4.16)
2(8.3)
3(8.3)
3(4.16)
1(8.3)
2(8.3)
1(4.16)

Table (4.21) showing resistance pattern of K. pneumoniae isolates, where all the isolates had complete resistant to
amoxicillin and ampicillin. yet, most of the isolates were MDR pathogens.
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Figure (4.10): Resistant profile of E. coli to the tested antibiotics

Resistance profile of E. coli showing that amikacin and pipracillin/tazobactam
were 100% active against E. coli, while meropenem was less active where half
(50%) of isolates were resistant. However, ceftazidime and ciprofloxacin
showed better effect than meropenem, where only quarter (25%) of isolates had
resistance against both antibiotics (Figure 4.10).
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Figure (4.11): Resistant profile of P. aeruginosa to the tested antibiotics

P. aeruginosa isolates were found to be highly susceptible to amikacin (87.5%)
and meropenem (75.0%) in comparison to the other tested antibiotics and to a
lesser degree to ciprofloxacin and gentamycin (63.5% for each) (Fig. 4.11).
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Figure (4.12): Resistant profile of Alcaligenes spp. to the tested antibiotics

As shown in Figure 4.12, Alcaligenes spp. isolate had complete susceptibility to
the

most

of

antibiotic

tested

including
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amikacin,

meropenem,

pipracillin/tazobactam,

ceftriaxone,

ciprofloxacin,

gentamicin

and

trimethoprim/sulphmethoxazole (Fig. 4.12).

Figure (4.13): Resistant profile of K. pneumoniae to the tested antibiotics

As illustrated in Figure 4.13, K. pneumoniae isolates were most susceptible to
amikacin (79.2%), pipracillin/tazobactam (79.2%) and to a lesser degree to
meropenem (62.5%). Meanwhile, they showed high resistance profile against
most of tested antibiotics including β-lactamases antibiotics and cephalosporins.

93

100

90
80
70
60
50

40
30
20
10

0
AK AMP AMX CAZ

CIP

CN

CRO CXM SXT

KF

MRP TOB TZP

Figure (4.14): Resistant profile of A. baumanni to the tested antibiotics

As exemplified in Figure 4.14, only meropenem exhibited moderate activity
against A. baumanni isolates with sensitivity rate of about 48%. Nevertheless,
more than 80% of the isolates revealed complete resistant to the common used
antibiotics that tested in this study.

Figure (4.15): Resistant profile of Enterobacter spp. to the tested antibiotics
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Meropenem,

amikacin,

ciprofloxacin,

tobramycin,

ceftazidim

and

pipracillin/tazobactam were 100% active against Enterobacter spp. It is only
had complete resistance pattern to the penicillins (Fig. 4.15).

Figure (4.16): Resistant profile of P. mirabilis to the tested antibiotics

From Figure 4.16, we can notice that P. mirabilis isolates were 100%
susceptible to meropenem, amikacin, ciprofloxacin, gentamycin, ceftriaxone,
and pipracillin/tazobactam.
Meanwhile, Figure 4.17 illustrated the resistance pattern of Morganella
morganii which exhibited 100% resistant to ampicillin, amoxicillin and
cephalothin. Yet, they were 100% sensitive to the rest of tested antibiotics.
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Figure (4.17): Resistant profile of Morganella morganii to the tested antibiotics

In the following Figure 4.18, amikacin and meropenem were found to be 100%
active against K. oxytoca, while gentamycin and pipracillin/tazobactam had only
50% activity. Yet, they exhibited complete resistance for the other tested
antibiotics.

Figure (4.18): Resistant profile of K. oxytoca to the tested antibiotics
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Figure (4. 19): Resistant profile of Serratia spp. to the tested antibiotics

Serratia spp. (one isolate)had 100% susceptibility to meropenem, amikacin,
ciprofloxacin, gentamycin, ceftriaxone, and pipracillin/tazobactam. However, it
had complete resistance against the rest tested antibiotics as shown in Figure
4.19.

4.7 Association between resistance profile between gram positive and gram
negative isolates to the tigecycline
Table (4.22) showing that Gram positive isolates were higher (100%)
susceptible to tigecycline than Gram negative isolates (56%). This higher
susceptibility pattern was statistically significant (P = 0.003).
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Table (4.22): Comparison of tigecycline resistance profile between Gram positive and
Gram negative isolates.

Susceptibility to tigecycline
Total

Group
Gram
positive
Gram
negative

S

I

R

No.

%

No

%

No

%

15

100

0

0.0

0

0.0

42

56.0

5

6.7

28

37.3

Chi
P
Square value

15(100)
10.42

0.003*

75(100)

*significant at P value <0.05.

Table (4.23) and (Figure 4.20) presented comparison of tested antibiotics
resistance profile between Gram positive and Gram negative isolates. Gram
negative isolates were more resistant to cephalothin (93.3%) than gram positive
isolates (53.3%). This result reflected statistically significant association (P =
0.001).

Also

Gram

negative

isolates

were

more

resistant

to

trimethoprim/sulfamethoxazole (86.7%) than gram positive isolates (26.7%).
Again, this result indicated that there was statistically insignificant difference
between Gram negative and Gram positive where P value = 0.001. Moreover,
Gram negative isolates illustrated higher resistance than Gram positive to the
other tested antibiotics but this difference in resistance did not reach statistical
significant where P values were > 0.05.
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Table (4.23): Correlations between Gram positive and Gram negative isolates to the tested
antibiotics

Antibiotic

Cephalothin

No.%
S

5(6.7)

6(40.0)

No.%

I

0(0.0)

1(6.7)

No.%

R

70(93.3)

8(53.3)

75(100)

15(100)

No.%

S

45(60.0)

13(86.7)

No.%

I

4(5.3)

0(0.0)

No.%

R

26(34.7)

2(13.3)

75(100)

15(100)

Total
Trim.
sulfamethoxazole

No.%

S

9(12.0)

11(73.3)

No.%

I

1(1.3)

0(0.0)

No.%

R

65(86.7)

4(26.7)

75(100)

15(100)

Total

Cefuroxime

No.%

S

10(13.3)

5(33.3)

No.%

I

1(1.3)

1(6.7)

No.%

R

64(85.3)

9(60.0)

75(100)

15(100)

29(38.7)
3(4.0)
43(57.9)

6(40.0)
2(13.3)
7(46.7)

75(100)

15(100)

Total

Gentamycin

Gram
positive

No.%

Total

Meropenem

Gram
negative

No.%
No.%
No.%

S
I
R

Total
No.%

S

28(37.3)

8(53.3)

No.%

I

4(5.3)

1(6.7)

No.%

R

43(57.3)

6(40.0)

75(100)

15(100)

Ciprofloxacin
Total
*significant at P value <0.05.
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Chi
square

P
value

18.6

0.001*

4

0.192

27.2

0.001*

5.58

0.053

2.22

0.265

1.53

0.403

Table (4.23): Continue

Antibiotic

Pipracillintazobactam

Tobramycin

Amikacin

Ampicillin

No.%

Gram
negative

Gram
Chi
P value
positive square

No.%

S

44.(58.7)

9(60.0)

No.%

I

0(0.0)

0(0.0)

No.% R

31(41.3)

6(40.0)

Total

75(100)

15(100)

No.%

S

14(18.7)

5(33.3)

No.%

I

2(2.7)

0(0.0)

No.% R

59(78.7)

10(66.7)

Total

75(100)

15(100)

No.%

S

50(66.7)

12(80.0)

No.%

I

2(2.7)

0(0.0)

No.% R

23(30.7)

3(20.0)

Total

75(100)

15(100)

No.%

S

1(1.3)

0(0.0)

No.%

I

0(0.0)

0(0.0)

No.% R

74(98.7)

15(100)

Total

75(100)

15(100)

0.09

1.0

1.9

0.513

1.21

0.685

0.202

1.000

5.06

0.167

No.%

S

0(0.0)

1(6.6)

No.%

I

0(0.0)

0(0.0)

75(100.0)

14(93.4)

Total

75(100)

15(100)

Ceftriaxone

No.% S
No.% I
No.% R
Total

20(26.7)
0(0.0)
55(73.3)
75(100)

5(33.3)
0(0.0)
10(66.7)
15(100)

0.277

0.753

Ceftazidim

No.% S
No.% I
No.% R
Total

18(24)
1(1.3)
56(74.7)
75(100)

7(46.7)
0(0.0)
8(53.3)
15(100)

3.312

0.257

Amoxicillin

No.% R

100

Figure (4.20): Resistant profile for Gram positive and Gram negative to the tested
antibiotics
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Chapter 5
Discussion

102

5.1 Prevalence of infection in the ICU departments of EGH

A total of 476 different clinical samples were collected from four ICU
departments of EGH, only 90 samples were culture positive and revealed
pathogens. The rate of infection among the patients of the ICUs were (18.9%).
Among the 90 participants who had positive culture and yield bacterial
pathogen, 57(63.3%) had ICU acquired infection, 21(23.3%) had hospital
acquired infection and12(13.3%) had community acquired infection. In this
study, we found that the most common sites of infection among the ICUs
patients were chest infection (ventilator associated pneumonia) (41.1%),
followed by blood infections (31.1%), wound infections (20.0%), urinary tract
infections (6.7%)and cerebrospinal fluid infections (1.1%). This is similar to
other previous study whose isolates and their frequency were originated from
almost such specimens (Anthony et al., 2008). The rate of nosocomial infection
is high in intensive care unit patients, especially for respiratory infections
(Toufen et al., 2003). In this study, gram negative bacteria were the
predominant

pathogens

isolated

with Klebsiella,

Acinetobacter,

and Pseudomonas species are the commonest isolates. These pathogens are
commonly isolated from patients in ICUs in many studies around the world,
however, the prevalence of those pathogens can change over time (Rosenthal et
al., 2006; Ding et al., 2009; Doyle et al., 2011; Khanal et al., 2013).

5.2 Isolated pathogens and susceptibility to tigecycline

All isolated Gram positive and Gram negative bacteria were evaluated for their
susceptibility and resistance to the tigecycline antibiotic using disc diffusion
techniques according to the criteria of the CLSI, 2011. Resistant isolates were
further confirmed using E-test and the MIC were calculated according to the US
Food and Drug Administration (FDA) breakpoints and the manufacturer's
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instructions respectively. The difference between the two methods was not
significant. These results agree with previous study performed in Saudi Arabia,
which showed that there was no difference between the disk diffusion and E-test
method (Somily et al., 2010).
In this study, the sample size was relatively small and some isolates were low in
number, so we can't judge some of the results and compare them with previous
studies such as in the case of Enterobacter spp. (n= 2), Alcaligenes spp. (n=1),
Morganella morganii (n =2) and Proteus mirabilis (n =2), however in this study
the only isolate of Alcaligenes spp. found to be resistant to the tigecycline,
although Alcaligenes spp. are opportunistic organism, it tends to be nosocomial
and clinically significant in immunocompromised patients of the ICU
departments (Shie et al., 2005).
Also, in our study we found that surgical patients had significant higher rates of
resistance to tigecycline compared to medical patients (P value = 0.001). The
explanation is the patients may gain the infection from the operations theatres.
Previous study in Gaza strip showed a moderate bacterial contamination in the
operation theatres and high resistance pattern for the most isolated pathogens to
many common used antibiotics (Al Laham, 2012).

Gram positive isolates

All Gram positive isolates including MRSA and Streptococcus spp. were
susceptible to tigecycline showing a 100% activity of tigecycline against these
isolates. In previous study, tigecycline showed good activity against most Grampositive pathogens from the Middle East and Africa (kanj et al., 2014).
Tigecycline plays a very important role in the treatment of infections caused by
MRSA (Sorlozano et al., 2007). In addition, many previous studies have
reported 100% tigecycline activity against MRSA and other Gram positive
pathogens (Reinert et al., 2007; Zhanel et al., 2010).
104

All Streptococcus spp. were susceptible to tigecycline in this study, this finding
is similar to other study found that tigecycline showed high in-vitro activity
against Streptococcus spp. ( Kresken et al., 2009).

Gram negative isolates

In this study, E. coli isolates were (100%) susceptible to tigecycline. Our
findings agree with previous studies that reported 100% tigecycline
susceptibility among E. coli isolates from Lebanon and Oman, including ESBLproducers (Araj and Ibrahim, 2008; Al-Yaqoubi and Elhag, 2008).
Another study conducted globally by Hoban et al., showed that E. coli isolates
collected globally were mostly susceptible to tigecycline (>99.9%) (Hoban et
al., 2015). Moreover, Morfin et al., found susceptibility to tigecycline among
Gram-negatives ranged from 95.0% for K. pneumoniae to 99.7% for E. coli
(Morfin et al., 2015).

Resistance to tigecycline among P. aeruginosa isolates (n=16) in this study was
81.3%. Previous study have reported high incidence of tigecycline resistance
among P. aeruginosa isolates recovered from ICUs admitted patients which was
86.6% (Tellis, 2012). Tigecycline demonstrated excellent activity against the
most frequently isolated pathogens collected worldwide, except for P.
aeruginosa (Sader et al., 2005). Except for P. aeruginosa, the glycylcycline
demonstrated very good in vitro activity against all species tested, including
MDR pathogens such as MRSA and VRE (Kresken et al., 2011).
P. aeruginosa strains are less susceptible to tigecycline than many other bacteria
(Peterson et al., 1999; Pankey, 2005). Another study conducted in countries
from Eastern Europe found that tigecycline is not active against P. aeruginosa
(Balode et al., 2013). This high incidence of resistance among P. aeruginosa
could be attributed to the efflux pump mechanism. The increase of efflux
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activity is one of the mechanisms involved in resistance of P. aeruginosa to
several antibiotics. Efflux pump action in P. aeruginosa leads to particularly
high levels of drug resistance (Dean et al., 2003).

In this study K. pneumoniae isolates (n= 24) exhibited 79.2% susceptibility to
tigecycline. Previous study conducted in Egypt, in Alexandria main university
hospital, Queen Nazli Children hospital, and Mabaret EL Asafra hospital
showed that 82.7% of the isolates were susceptible to tigecycline (Shawky et
al., 2015).
Enterobacter and Klebsiella susceptibility to tigecycline were slightly lower in
Middle East/Africa than globally (Kanj et al., 2014). Tigecycline was 100%
effective against K. oxytoca (n= 2). Another study conducted globally to
evaluate in-vitro activity of tigecycline found that K. oxytoca were highly
susceptible (>96%) to tigecycline (Hoban et al., 2015).

In this study, slightly more than half (52.4%) of A. baumanii isolates were
susceptible to tigecycline, 14.3% were intermediate and 33.3% were resistant.
Similar findings have been reported from Italy, where tigecycline has been
found to be moderately active against A. baumannii isolates (Ricciardi et al.,
2009). Also these results are comparable to the findings of a study conducted in
Israel before tigecycline was used in their hospitals. The authors reported high
resistance rates of A. baumannii to tigecycline, where 66.0% of the isolates were
resistant to tigecycline, 12% were intermediate and 22% were susceptible
(Navon-Venezia et al., 2007). A tigecycline susceptibility report from a tertiary
care hospital in India reported a low rate of susceptibility (42%) to tigecycline
among Acinetobacter species, where the organisms were totally unexposed to
tigecycline (Behera et al., 2009). Interestingly and conversely to our findings
and other researchers around the world, another study from Saudi Arabia
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reported highly activity of tigecycline against Acinetobacter spp., where the
authors reported 91.0% susceptibility to tigecycline (Somily et al., 2010).

P. mirabilis isolates (n= 2) were 100% resistant to tigecycline in this study.
Previous study in India showed that P. mirabilis were resistant to tigecycline,
irrespective of being MDR or not (Gupta et al., 2012). Additionally, Souli et
al., found that tigecycline provides good activity against a wide range of Grampositive and Gram-negative bacteria, with the exception of P. aeruginosa, P.
mirabilis, and indole-positive Proteus spp. (Souli et al., 2006). Furthermore,
reduced activity of tigecycline against indole-positive Proteus spp. and P.
mirabilis has been noted in another study (Pankey, 2005).

Among the isolates of Morganella morganii (n=2), the two isolates were
resistant to tigecycline. Milatovic et al., found that tigecycline was less active
against M. morganii (Milatovic et al., 2003). The mechanism of effluxmediated decreased susceptibility to tigecycline in M. morganii appears to be
similar to that identified in P. aeruginosa (Ruzin et al., 2005).

5.3 Antimicrobial resistance pattern of isolated bacteria to the common
used antibiotics

Since all the isolated pathogens were obtained from the ICU departments where
the majority of the patients are critically ill and under heavily antibiotics
treatment, this study indicates a high percentage of MDR for the majority of the
isolated pathogens. A study conducted in Egypt about the Prevalence and risk
factors of MRSA, ESBL and MDR bacterial colonization upon admission to an
Egyptian medical ICU found that 33%, 13%, and 63% were colonized with
ESBL, MDR and MRSA organisms, respectively(Fouda et al., 2016).
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MDR is defined as non-susceptibility to at least one agent in three or more
antimicrobial categories. XDR is defined as non-susceptibility to at least one
agent in all but two or fewer antimicrobial categories (i.e. bacterial isolates
remain susceptible to only one or two categories) (Magiorakos et al., 2012).
The classes used to define MDR among the Enterobacteriaceae were
aminoglycosides (amikacin, tobramycin), β-lactams (ampicillin, amoxicillin,
ceftriaxone,

piperacillin-tazobactam),

carbapenems

(meropenem),

fluoroquinolones (ciprofloxacin), glycylcyclines (tigecycline), and sulfonamides
(trimethoprim-sulfamethoxazole); the classes used to define MDR A. baumannii
were aminoglycosides (amikacin), β-lactams (ceftazidime, ceftriaxone, or
piperacillin-tazobactam),

Carbapenems

(meropenem),

fluoroquinolones

(ciprofloxacin), and sulfonamides (trimethoprim-sulfamethoxazole); and the
classes used to define MDR P. aeruginosa were aminoglycosides (amikacin), βlactams (ceftazidime, ceftriaxone or piperacillin-tazobactam), carbapenems
(meropenem), and sulfonamides (trimethoprim-sulfamethoxazole).

S. aureus
The comparative in vitro activities of 15 antimicrobial agents against S. aureus
isolates are listed in Tables 4.23. Eleven isolates of S. aureus were collected
from the ICU departments, all of isolates were MDR. Susceptibility were
highest to meropenem 81.8% and amikacin 72.7%. All the isolates of S. aureus
in this study were oxacillin and methicillin-resistant. Amoxicillin, ampicillin and
penicillin were 100% resistant. A study was conducted by El-Astal, Z. (2004)
found a lower resistant rates comparing to the result in this study to penicillin,
amoxicillin, ciprofloxacin, ceftriaxone and cefuroxime where the author found
resistance range of 38.9%, 73.2%, 16.1%, 13.8%, and 17.5% respectively (ElAstal, Z. 2004). The discrepancy between the results may due to the sample
type and size since all the samples in this study were collected from the ICU
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departments were the most of the pathogens were highly resistant to the most of
the antibiotics and the author samples were from other departments. Moreover,
the time passed since this study were conducted is about 12 years, where the
problem of antibiotics resistance is growing, exacerbated and worsened
worldwide.

K. pneumoniae and K. oxytoca
K. pneumoniae isolates were the most abundant among the isolated pathogens, it
accounts 24(26.6%). The most effective agents against K. pneumoniae isolates
was amikacin (79.2%), pipracillin-tazobactam (79.2%) and meropenem (62.5%)
(Table 4.24). Almost all the isolates of K. pneumoniae were MDR. The
emergence of multidrug resistant K. pneumoniae strains has been reported with
increasing frequency in several countries worldwide (Pereira et al., 2013).
Among K. oxytoca, high susceptibility rates were recorded for meropenem
(100.0%), amikacin (100.0%), while all the isolates of K. oxytoca were 100.0%
resistant to ampicillin, amoxicillin, ceftazidim, ceftriaxone, cefuroxime,
tobramycin and cephalothin. Hoban et al., in a similar study performed globally
found that K. oxytoca (n = 6,940) were highly susceptible (>96%) to amikacin
and meropenem (Hoban et al., 2015). Likewise, in another study, amikacin,
carbapenems and tigecycline were found to be the most active agents against K.
oxytoca (>94% susceptibility) (Fernández-Canigia and Dowzicky, 2012).
A. baumannii
About 52.0% of A. baumanni isolates were XDR and the rest were MDR.
Acinetobacter spp. are opportunistic pathogens that commonly isolated as
nosocomial pathogen, mainly from the patients in the ICU, causing several
infections including nosocomial pneumonia, skin and soft-tissue infections and
bacteremia. Acinetobacter spp. (particularly A. baumannii) have become
resistant to most of the major antimicrobial agents in widespread use, including
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aminoglycosides, quinolones, β-lactams, cephalosporins and carbapenems
(Vasilev et al., 2008). In this study, 100% resistance to ampicillin, amoxicillin,
ceftazidim, ciprofloxacin, and cephalothin were observed. The highest level of
in vitro susceptibility against A. baumannii isolates (n = 21) in this study was
reported for amikacin (20.0%) and meropenem (38.3%)(Table 4.18).
Acinetobacter spp. have become important pathogens in ICUs, and the
development of resistance to carbapenems has been reported worldwide
(Nilsson et al., 2011).
P. aeruginosa
Because of its resistance to multiple antimicrobial agents, only few antibiotics
found to be effective against P. aeruginosa (Fatima et al., 2012). In our study,
all the isolates of P. aeruginosa (n=16) (Table4.20) were MDR which again
carry high risk especially for immunocompromised in intensive care unit
patients. The highest level of in vitro susceptibility against P. aeruginosa in this
study was reported for amikacin (87.5%) and meropenem (75.0%). These results
was in agreement with previous study conducted in Gaza strip by Astal Z., 2004
which showed that the most effective antimicrobial agents against P. aeruginosa
were meropenem and amikacin (Astal Z., 2004). Yet, another study found that
amikacin was the most effective agent against P. aeruginosa (Balode et al.,
2013).

E. coli
All the isolates of E. coli in this study were 100% resistant to ampicillin,
amoxicillin and trimethoprim-sulfamethoxazole, conversely, amikacin and
pipracillin/tazobactam were the most effective agents. Carbapenem resistance
were detected in two (50.0%) isolates among E. coli. Shanthi et al., 2011 found
that E.coli were most susceptible to amikacin, piperacillin– tazobactam,
meropenem (Shanthi et al., 2011) .
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5.4 Mortality rate at the ICU departments

Mortality rate was very high (34.0%) among ICUs patients. High mortality rate
has been previously reported from ICUs in developing countries (Rosenthal et
al., 2006; Rosenthal et al., 2011). This high rate of mortality could be due to
the fact that most of the ICU residents are critically ill and they are usually at
high risk of gaining nosocomial infections due to their weak immune system.
Also, presence of several risk factors such as central lines, urinary catheter,
mechanical ventilation and other risk factors, that give higher possibility for
gaining an infection by MDR or XDR pathogen is worsening the matter and
limited the therapeutic choices which lead finally to death.
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6.1 Conclusion


Currently, multiple-drug-resistant Gram-negative bacteria remain the
most problematic pathogens in European Gaza hospital, especially in the
intensive-care units. The ICU is typically associated with high rates of
antibiotic resistance.



Almost all the isolates were MDR and collected from the intensive care
units which mean that the isolates were from critically ill patients in
whom infection and disease is expected, it is required to use as empirical
therapy. Tigecycline maybe become a suitable antibiotic for this purpose.



Tigecycline was 100% active against Gram positive pathogens and quit
good against Gram negative pathogens being isolated in this study.



Tigecycline could be valuable therapeutic option for the treatment of
infections caused by Multi drug resistant pathogens



All the isolated pathogens were resistant to ampicillin and amoxicillin
with very few exceptions.



Few antimicrobial agents remain active against a wide range of
organisms. Amikacin and meropenem were the most effective
agents against most of the isolated pathogens (except for A. baumannii).



A. baumannii considered currently the most troublesome nosocomial
pathogen, mainly affecting patients in ICUs. These isolates, widely
resistant to the commonly used antimicrobials, have now developed
resistance to the carbapenems.



P. aeruginosa found to be highly resistant for tigecycline (81.2%), this
result is highly worrisome since the tigecycline still didn’t introduce for
clinical use in Gaza strip hospitals yet.
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Relatively high mortality rate was observed among the ICU patients.



The in vitro activity of tigecycline corresponds to clinical efficacy is
unclear yet in our hospitals since it is not used.

6.2 Recommendations


The infection control practices are strongly suggested to minimize the
infections in the ICU departments. There are known interventions that
can reduce the burden of nosocomial infections in ICUs even in the
resource-limited setting.



Restrict strategy on the limited and prudent use of antibiotics is urgently
needed to slow the emergence rate of antibiotic resistance.



Our study was limited by the fact that it was conducted in only one
hospital in the Gaza strip and the number of samples tested here were not
much enough to be a representative one and it was the first one on
evaluating the in vitro activity of tigecycline. So, there is need for further
large scale study on this topic and on the clinical effectiveness of
tigecycline in all Gaza strip hospitals.



Protocols of antibiotic usage should be always reviewed by experts based
on local antimicrobial profiles data collected from the ICU departments.



Evaluation and surveillance trial of antibiotics should be performed to
evaluate the efficacy and resistance trends of the antimicrobial agents.
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Annex 1
)Questionnaire (Socio-demographic data
اخى الكريم /اختى الكريمة ...
ارجوا منكم المساعدة في تعبئة هذا االستبيان والذى يهدف الى جمع بيانات عن مرضى العناية المركزة في
مستشفى غزة األوروبي لهدف بحثى حول موضوع دراسة مدى استجابة البكتيريا المعزولة من مرضى العناية
المركزة للمضادات الحيوية المختلفة و خاصة عقار التيغيسيكلين ( ,)Tigecyclineشاكرين لكم حسن تعاونكم,

سائلين المولى عز و جل أن يمن عليكم بالشفاء.
1-Sociodemographic:
1- Name-----------------------------------------------------------------2- Age ------------------------------------------------------------------3-Department----------------------------------------------------------4-File number-----------------------------------------------------5-Gender: Male
Female
widowed

married

higher education

6-Marital Status: single
divorced

secondary

unemployed

8-Employment Status: employed

rural

urban

non smoker
Gaza

Deir El-Balah

primary

7-Education:

9- Accommodation:

smoker

Khan-Younis

10-Smoking:

11- Governarate: Rafah
North-Gaza

انا الموقع/ة ادناه اوافق على اعطاء البيانات السابقة الخاصة بي الالزمة إلتمام الدراسة.
التوقيع -----------------------
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Annex 2
Questionnaire (Clinical data)
Overview:
Name:---------------------------------------File No:--------------------------------------Diagnosis: ---------------------------------Age:------------------------------------------Gender:

Male

ICU department:

AICU

Referral of patient: Home
Type of admission:

Female
PICU

SCBU

Other hospital unit

Surgical

CCU
Other hospital

Medical

Evidence for bacterial infection before admission to the ICU:
Yes
If Yes:

No
Community

Hospital-acquired

Bacterial infection after admission to the ICU: Yes
Length of stay in ICU : 1-3 days

4-7 days

No
> 7days

Current operation (before or after admission) : Yes

No

Diabetes:

No

Yes

Site of infection:
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Risk factors for Intensive Care Unit-acquired infection.
Use of central venous catheter:

Yes

No

Intubation:

Yes

No

Sedation:

Yes

No

Use of tracheoestomy:

Yes

No

Use of nasogastric tube:

Yes

No

Mechanical ventilation:

Yes

No

Use of urinary catheter:

Yes

No

Therapeutic antibiotics:

Treatment

Prophylaxis

Vancomycin

Ciprofloxacin

Penicillin

Erythromycin

Cefuroxime

Gentamicin

Piperacillin-tazobactam

Clindamycin

Azithromycin

Cefixim

Amoxycilline-clavunilic acid

Meropenem

Cefazolin

Ceftriaxone

Clindamycin

Rifampin

trimethoprim-sulfamethoxazole

Amikacin
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