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Introduction 

The main forces driving the increase in antimicrobial-

resistant bacteria are poor infection control practices and 

inappropriate use of antibiotics. Once these factors are 

addressed, specific antibiotic utilization strategies may 

help decrease or prevent the emergence of resistance. 

These strategies include antibiotic restriction, combina-

tion therapy, and antibiotic cycling. 1  

        

Dependence on one class of antibiotic to treat a 

population, despite optimal dosing and duration of 

treatment, may allow for the selection of resistant 

organisms within that population. Cycling, or rotating 

antibiotics within or between classes, by altering the 

selective pressure for bacteria to develop resistance to 

any particular antibiotic, may be an important 

component, from a population perspective, of 

antimicrobial stewardship.1  

         

An antibiogram is particularly helpful for choosing em-

piric and pathogen-directed treatment regimens. It also 

assists in antibiotic "streamlining", the process by which 

excessively broad-spectrum empiric antibiotic therapy 

can be switched to narrower spectrum therapy aimed 

only at the implicated pathogen(s).  

 

It must be acknowledged that an antibiogram-based 

guideline does not have an unlimited duration of utility. 

It is likely that shifts in antibiotic usage engendered by 

the creation of the guideline will, over time, lead to a 

change in resistance patterns. Thus, it is prudent to up-

date antibiograms and antibiogram-based antibiotic 

guidelines on a regular basis.2  

       

Antibiotic cycling involves the deliberate removal of the 

antimicrobial of choice to treat a particular infectious 

syndrome in a specific unit with the intention of 

reintroducing that antimicrobial at a predetermined time 

in the future. Several antibiotics are commonly rotated in 

this fashion. Cycling takes advantage of the observation 

that resistance to a particular antimicrobial decreases 

when that antimicrobial is no longer used. In addition to 

restriction, antibiotics are rotated to maintain or promote 

antibiotic heterogeneity in order to alter the selective 

pressures present and thus prevent the emergence of 

resistance to any particular antibiotic.1 

      

Community prescribing practices have been shown to 

influence rates of resistance in common bacterial patho-

gens, and long-term–care facilities are increasingly being 

recognized as reservoirs for antibiotic-resistant patho-

gens.3 

      

Antimicrobial resistance in S. aureus emerged soon after 

penicillin came into common use in the 1940s. During 

the next two decades, resistance of this pathogen to peni-

cillin became widespread, followed by increasing resis-

tance to the new semisynthetic penicillinase-resistant 

antimicrobial drugs (e.g., methicillin, oxacillin, nafcil-

lin).  In the last 20 years, methicillin-resistant S. aureus 

(MRSA) has spread throughout the world in healthcare 

settings. In addition, serious MRSA infection has been 
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increasingly reported in persons without identified pre-

disposing risk, including recent healthcare exposure. 4 

       

Members of the family Enterobacteriaceae producing 

beta-latamases constitute a serious threat to current beta-

lactam therapy.5 In addition, guidelines of the National 

Committee for Clinical Laboratory Standard (NCCLS)6 

suggest that confirmed extended spectrum beta-

lactamase (ESBL) producing strains should be reported 

as resistant to all penicillins, cephalosporins and aztreo-

nam.  

            

MRSA and ESBL infections have been increasing at an 

alarming rate world-wide over the past two decades. 

They are responsible for nosocomial infections and ad-

verse patient outcomes.7 Numerous reports describe 

nosocomial outbreaks in various countries.8,9  

 

These infections may be life-threatening and cause con-

siderable morbidity as they are of special concern for 

several reasons. They are associated with prolonged hos-

pitalization and increased costs with few therapeutic op-

tions. These multidrug-resistant bacteria (MRB) increas-

ingly have spread from hospital settings to noninstitu-

tional environments.8  On the other hand, prolonged 

MRSA carriage was found to occur after hospital dis-

charge increasing the infection by this organism in both 

community and hospital settings.10  Transmission of such 

infections occurs primarily from colonized or infected 

patients to other patients or staff and vice versa mainly 

through transiently-colonized hands of healthcare per-

sonnel.  The environment also contributes to such 

transmission.10,11 

        

In our institute hospital, a surveillance study in 2004 

showed that MRSA and ESBL represented 11.9% and 

29.9% of nosocomial infections respectively.12  This trig-

gered us to implement an antibiotic policy with cycling 

and follow up. 

 

Objectives 
The aim of implementing an antibiotic policy in Theodor 

Bilharz Research Institute (TBRI) Hospital is to offer 

guidelines for the rational use of antimicrobial agents by 

promoting best practice in: Prophylactic therapy, Empiri-

cal therapy and Definitive therapy in an attempt to retard 

the emergence and spread of resistance. 

 

Population and Methods 

Site of the study 

TBRI hospital is a tertiary care hospital with 300 beds. 

Antibiotic policy was implemented as a part of IC pro-

gram in 2005. All departments of the TBRI Hospital 

were included; urosurgery, general surgery, tropical 

medicine, nephrology, intensive care unit and economic 

section. 

 
The microbiology laboratory staff of TBRI is authorized 
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to isolate, identify and to test the sensitivity to antibiotics 

of the bacteria of the surveillance plan under protocol. 

The laboratory records the pathological samples, cultures 

the samples according to standard protocols, identifies 

the bacteria to be studied (family, kind, species and even-

tually serotype), performs standard antibiogram and 

complementary tests, respecting the NCCLS norms, and  

interprets the results according to the current norms and 

context (nosocomial infection, colonization or another 

sort of infection). 

 

Study Population  
All patients hospitalized during the period of study were 

included and outpatients were excluded.  

 

The included samples:13 All samples for diagnostic 

purposes were included. Excluded were duplicates: an 

isolate from a patient for whom a strain of the same 

species and same antibiotype had already been taken 

during the same period.   

 

The included strains: All bacterial isolates including: 

MRSA and ESBL-producing enterobacteria. 

 

Data Collection 
Data were collected by members of the infection control 

unit of TBRI from January 1, 2005 to May 31, 2005 on 

three checklist forms. The data were obtained from clini-

cal records: Laboratory data (bacteriological results, 

complementary examinations), medical charts, tempera-

ture charts, antibiotic and operation room records. 

 

The administrative data: The number of beds, the 

number of direct admissions and the number of full days 

hospitalization (>24h) in different departments during the 

period of study. 

 

Data from the laboratory (first part on laboratory form, 

second part on MRB form): The total number of identi-

fied strains (sensitive S, intermediate I and resistant R), 

after elimination of duplicates. For each MRB, a form 

was filled in with the following information: hospital 

stay identification, age, gender, date of sample (first 

positive diagnostic sample during the period), the depart-

ment's specialty, site of sample, the microorganism con-

cerned. If the MRB isolated was a MRSA, its sensitivity 

to vancomycin was investigated. If the MRB isolated 

was enterobacteria, the possibility of being ESBL was 

investigated.  

 

Data from the hospital (Antibiotic usage surveillance 

form): 

Data on Surgical procedure including: Date of surgical 

intervention, NNIS (National Nosocomial Infections Sur-

veillance system, CDC, Atlanta). procedure category, 

hair removal and its method, showering, ASA (American 

Society of Anesthesiologists) score, duration of surgery, 

wound class, elective or emergency, endoscopic surgery, 
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trauma, multiple procedure, implant of prosthesis, drain-

age and its method, date of discharge and date of follow 

up visit.  

 

Description of antibiotic: time of administration, type of 

antibiotic, duration, indication (specific, empirical or a 

surgical prophylaxis) and the main diagnosis. 

 

Organization of the study:  
First: A surveillance study was done including develop-

ing overall infection rates as well as identifying the most 

commonly encountered MRB microorganisms.  

 

Second: A study of the antibiotics used for prophylaxis, 

empiric treatment and therapy from January 1, 2005 to 

May 31, 2005 was done using a well-designed form for 

data collection: 

 
Third: Data analysis was done and an antibiotic policy 

was proposed. 

 

Fourth: One year duration (July 1, 2005 – July 1, 2006; 

July 1, 2006 – April 1, 2007) was given for follow up 

and evaluation of the new policy. 

 

Fifth: Cycling of antibiotics was done accordingly. Res-

toration of results and feedback was obtained through 

final written reports at the end of the study. These reports 

were sent to bacteriology laboratory, administration, and 

different departments. 

 

 

Data analysis:  
The capture and analysis of the data was done by using 

the Epi Info version 6 software.  

 

Judgment criteria:  

The percentage of MRB (MRSA and ESBL) within the 

bacterial species.  

 

The attack rate of MRB for 100 admissions: the number 

of MRB carrier patients in relation to the number of 

admitted patients during the period of the study. 

 

The incidence rate of MRB carrier patients, for 1000 

days of hospitalization: the number of MRB carrier pa-

tients in relation to the number of hospitalization days 

during the study period. 

 

 

Results: 

Surveillance study: 
Nosocomial infection (NI): Hospital infection was con-

trolled so that the infection rate was lowered from 5.8% 

in 2004 to 2.7% in 2007 (P<0.0001).  
 

Frequency distribution of NI among different hospital 

departments: Regarding the urosurgery and general sur-

gery departments, the infection rate was lowered from 
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44.8%, 32.8% in 2004 to 38% and 6.3% in 2007 respec-

tively with highly statistically significant difference for 

general surgery department (P <0.0001). On the other 

hand, there was a rising infection rate in nephrology and 

tropical departments. In fact, this situation is also true for 

the ICU and economic section during the period from 

2004 to 2005. After that, the infection rate in the ICU 

and economic sections was lowered from 15.2%, 10.1% 

in 2005 to 12.8% and 7.9% in 2007 respectively (Figure 

1). 

 

 The prevalence of MRB (Figure 2): The prevalence of 

MRSA was lowered from 11.9% in 2004 to 1.6% in 2007 

(P<0.02), while the prevalence of ESBL was 29.9% in 

2004 compared to 12.6% in 2007 (P<0.01). MRSA spe-

cies represented 80% of Staphylococcus aureus isolates 

in 2004 compared to only 5% in 2007 (P<0.0001). 

ESBLs represented 37.7% of enterobacterial isolates in 

2004 compared to 14% in 2007 (P<0.004). The attack 

rate was 2.4% in 2004 and 0.39% in 2007 and the inci-

dence rate was lowered from 2.8% in 2004 to 0.4% in 

2007 (Table 1). 

 

 

Antibiotic policy:  
Cycling of antibiotic policy (Table 2): 

Upon studying the antibiotics used for prophylaxis from 

January 1, 2005 to May 31, 2005, the outstanding feature 

was that efficacy of cefazolin was 74%-85% before im-

plementation of the policy (2005) and became 34%-50% 

in 2006. Also, ampicillin-sulbactam efficacy was 67%-

75%, 7%-11% before and after implementation respec-

tively.  
 

So, cycling of antibiotic policy in 2006 to cefaclor 

(efficacy 60%-80%) and augmentin (efficacy 79%-85%) 

Figure 1:  Comparison of nosocomial infection rates in    different 
hospital departments in four consecutive annual periods 
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Table 1:  Attack and Incidence Rates of Multi-Resistant Bacteria  

Year No. of 

admitted 

patients 

No. of 

 MRB 

No. of total 

hospitalization 

days  

Attack 

 Rate  

Incidence 

rate  

2004  1162 28 10124 2.4 2.8 

2005 2021 20 17541 0.9 1.1 

2006  3099 26 28124 0.8 0.9 

2007 2291 9 21688 0.39 0.4 
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was implemented. Consequently, in 2007 their efficacies 

diminished to 19%-27.3%, 17%-35% for both drugs re-

spectively. 

Once again, cycling of antibiotic policy in 2007 to cefa-

zolin regained its efficacy (50%-100%) and gentamicin 

(efficacy 48%-85.7%) was implemented. This policy has 

to be followed up from January 1-May 31, 2008 to guide 

further cycling of the policy. Before implementation of 

policy in 2005, efficacy of gentamicin  was as low as 

14%  and that of amikacin 42%, while that of tobramycin 

was 76.6% which was then included in cycle 1 (2005). 

Then, the sensitivity of amikacin was regained in 2006 

(80%-100%) and that of gentamicin in 2007 (48%-

85.7%). Table 2 illustrates cycling for empirical and spe-

cific therapy on the basis of antibiotic efficacy evalua-

tion. 

 

Feedback (Figure 3): 

The implementation of an antibiotic policy reflected 

greatly on decreasing the post-operative need for anti-

biotherapy and consequently duration of hospitalization 

was significantly lowered from 14.5% in 2004 to 6.3% in 

2007 (P<0.0001). Hospital re-admission was diminished 

from 12.6% in 2004 to 4.9% in 2007 (P<0.0001). Mortal-
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Table 2:  Cycling of Antibiotic Policy in three consecutive annual periods 

  
  
  

Type of Antibiotic 

Therapy 

Antibiotic Policy 

 Cycle 1 (1/7/2005) Cycle 11 (1/7/2006) Cycle 111 (1/7/2007) 

  
  

*Selected 

Antibiotics 

Efficacy (%)   
  
Selected 

Antibiotics 

Efficacy (%)   
  
Selected 

Antibiot-

ics 

Efficacy 

(%) 

Before 
(1/1/-

31/5/2005) 

After 
(1/1/-

31/5/2006) 

Before 
(1/1/-

31/5/2006) 

After 
(1/1/-

31/5/2007) 

Before 
(1/1/-

31/5/2007) 

Prophylactic 

Clean Cefazolin 74-85 34-50 Cefaclor 60-80 19-27.3 Cefazolin 50-100 

Clean-Contaminated Ampicillin-

sulbactam 67-75 7-11 Augmentin 79-85 17-35 Gentamy-

cin 48-85.7 

Empirical 

Urine Ciproflox-

acin 82 27.3 Ceftriaxone 60 38.3 Tazocin 62.5 

Sputum Ampicillin-

sulbactam 
86 18.2 Ceftriaxone 

Clindamycin 
100 
100 

40 
42.8 

Amikacin 79.1 

Wound Ampicillin-

sulbactam 75 23.5 Clindamycin 50 50 Amikacin 75 

Blood Ciproflox-

acin 79 37.5 Clindamycin 64.3 47.3 Amikacin 68 

Ascitic fluid Ampicillin-

sulbactam 66.7 34.3 Clindamycin 100 0 Amikacin 100 

Specific 

MRSA Clindamy-

cin 70 20 Amikacin 80 59 Aztreo-

nam 100 

ESBL Tazocin 76.6 54 Tobramycin 100 92 Amikacin 92 

Gram –ve Ciproflox-

acin 
69 11 Amikacin 86 80 Amikacin 80 

Gram +ve Ampicillin-

sulbactam 88 55 Augmentin 83 56.3 Cefazolin 100 

* In 2005: Gentamicin efficacy = 14%, Tobramycin  efficacy= 22%,  Amikacin  efficacy= 42% 

Figure 2:  Frequency distribution of Multi-Resistant Bacteria in 
four consecutive annual periods  
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ity rate due to infection was lowered from 0.95% in 2004 

to 0.17% in 2007 (P<0.001). 
 

 Duration of treatment courses was accordant in 20% in 

2005 compared to 65% in 2007 (P< 0.0001) (Figure 4). 
 

 

Discussion 
Nosocomial infections (NIs) represent a major problem 

in health care facilities, resulting in extended duration of 

care, substantial morbidity and mortality and excess 

costs.14 NIs constitute one of the greatest challenges of 

modern medicine and their socio-economic costs are 

continually rising. The focus for reducing the incidence 

of NIs should be on maintaining a microbiologically safe 

environment.15, 16 

     

The nosocomial infection rate in this study was signifi-

cantly lowered from 5.8% in 2004 to 2.7% in 2007. This 

was accomplished by adequate infection control practice 

which is one of the key components for limiting spread 

of nosocomial infections.17 These precautions include 

handwashing, routine use of gloves, cleaning and disin-

fection of the environmental surfaces18 and the applica-

tion of antibiotic policy from 2005 to 2007.   

 

Although infection control policies are unlikely to 

prevent resistance from emerging, they are essential to 

decrease the spread of antimicrobial-resistant bacteria. 

Handwashing is the most important infection control 

method. It prevents infections by decreasing the 

contamination of medical devices when they are 

manipulated and by preventing person-to-person 

transmission of potentially virulent or resistant 

organisms.1 Optimizing infection control practices 

through inexpensive educational interventions has been 

shown to decrease rates of NI.19 Infection control policies 

can help prevent the horizontal transmission of resistant 

bacteria through early identification and proper isolation 

practices. This preventive action can also decrease 

infection rates, since colonization is a known precursor 

to infections caused by resistant bacteria.20 

 

There was a significant decrease of the infection rate in 

the general surgery department from 32.8% in 2004 to 

6.3% in 2007. This was attributed to the establishment of 

a new central sterilization unit in the hospital through the 

efforts of members of the infection control unit. On the 

other hand, there was a rising infection rate in nephrol-

ogy and tropical departments proportional to  increased 

samples sent to the microbiology laboratory following 

the advice of infection control officers. The tremendous 

rise of infection in these departments in 2007 was attrib-

uted to new construction in these units. The infection rate 

in the ICU and economic sections was also increasing 

during the period from 2004 to 2005, also due to in-

creased microbiological sampling.  

Then, the infection rate in ICU and economic section was 

lowered from 15.2%, 10.1% in 2005 to 12.8% and 7.9% 

in 2007 respectively with the application of infection 

control measures. 

         

Antibiotic resistance in bacteria is a contemporary global 

public health problem.21  The incidence of infections 

caused by MRB is increasing worldwide, and infections 

caused by resistant bacteria are associated with increased 

costs, morbidity, and mortality.22 However, the main 

factors driving the increase in antimicrobial-resistant 

bacteria are the increased use of antimicrobials especially 

broad-spectrum ones.1 

 

Accurate estimates of the incidence of MRSA infection 

are essential to determine effects on health and health-

care expenditures.23  The prevalence of MRSA and ESBL 

in our study was significantly lowered from 11.9% and 

29.9% in 2004 to 1.6% and 12.6% in 2007 respectively. 

The incidence rate of MRB was lowered from 2.8% in 

2004 to 0.4% in 2007 and the attack rate was 2.4% in 

2004 and 0.39% in 2007. Similar rates of infection have 

been recorded in other studies.23,24 

        

The first steps toward preventing or reducing the 

emergence of resistant pathogens are effective infection 

control policies. A second essential component is 

antimicrobial stewardship. Many studies have shown that 

as much as 50% of antimicrobial use is inappropriate. 

Excessive and inappropriate antimicrobial use results in 
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Figure 3:  Feedback of Implementation of Antibiotic Policy  
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Figure 4:  Comparison of Antibiotic Prescription with Guidelines 
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strong selective pressures that facilitate the emergence of 

antimicrobial-resistant pathogens. In addition to limiting 

the inappropriate use of antibiotics, antimicrobial 

stewardship involves optimizing the selection, dosage, 

and duration of antimicrobial therapy to prevent and treat 

infections.25,26  

        

Once antimicrobial stewardship has been optimized, 

potential antibiotic utilization strategies identified by 

national consensus guidelines can be developed 

including restriction of antibiotics, combination therapy, 

and antibiotic cycling. Antimicrobial stewardship 

attempts to control the leading factor associated with 

antimicrobial resistance: inappropriate use of antibiotics. 

Such use more often results from inadequate information 

than from inappropriate behavior.26 

 

Our study demonstrates an increase in cefazolin and am-

picillin-sulbactam resistance when they were used for 

prophylaxis (cycle 1). However, cefazolin regained its 

efficacy in cycle 3 when it was replaced in cycle 4 with 

cefaclor while ampicillin-sulbactam retained its resis-

tance.  

 

It must be acknowledged that an antibiogram-based 

guideline does not have an unlimited duration of utility. 

It is likely that shifts in antibiotic usage engendered by 

the creation of the guideline will, over time, lead to a 

change in resistance patterns. Thus, it is prudent to up-

date antibiograms and antibiogram-based antibiotic 

guidelines on a regular basis. A yearly review should be 

regarded as a bare minimum. "Cycling" antibiograms, 

which are constantly updated, are probably optimal if an 

institution has the information technology resources to 

create them.2   Cycle duration should be short in order to 

maintain the benefits associated with rapid cycling peri-

ods, but it should be long enough not to confuse and frus-

trate the prescribing practitioners. Studies performed 

more recently have used cycle durations of 1 to 4 months 

to achieve this balance, although the optimal duration is 

not known.1    

        

This study demonstrates a decrease in gentamicin, tobra-

mycin and amikacin resistance when they were restricted 

from all types of antibiotic therapy (cycle 1). Tobramy-

cin resistance decreased once more without a concomi-

tant increase in amikacin resistance (cycle 2). Gen-

tamicin resistance decreased once more without a con-

comitant increase in amikacin resistance (cycle 3). These 

results were similar to that of Gerding26 who found that 

the reintroduction of aminoglycosides was not associated 

with an increase in their resistance. Multiple studies 

demonstrated a decrease in gentamicin and tobramycin 

resistance when they were replaced by amikacin. Most 

available data on the potential benefits of cycling come 

from studies of aminoglycosides.27 

 

Ciprofloxacin was replaced by ceftriaxone (cycle 4) as 

the empiric agent of choice for suspected Gram-negative 
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urinary tract infections. Patients were followed before 

and after the change in antibiotics. The change was asso-

ciated with a decrease in infection rate. Similar results 

have been published from a cardiothoracic intensive care 

unit (ICU).28  
  

Generally, after annual follow-up, there was a decrease 

in infections caused by antibiotic-resistant bacteria and 

consequently duration of hospitalization; hospital re-

admission and mortality associated with infection. This is 

probably a consequence of more effective empiric ther-

apy resulting from the improved resistance profiles of the 

infecting organisms. So, our study showed that the cy-

cling intervention may also have resulted in a decrease in 

the total number of nosocomial infections and in the rates 

of infections caused by resistant Gram-positive cocci and 

Gram-negative rods on ICU and non-ICU wards as well, 

which was in accordance with other studies.29 Also, the 

duration of treatment courses was significantly accordant 

which reflects compliance with the protocol. 

 

Conclusion and Recommendations 

Our study provides evidence that cycling can be a suc-

cessful strategy in stabilizing or decreasing resistance 

MRB. Cycle duration should be short in order to main-

tain the benefits associated with rapid cycling periods. 

Consequently, surveillance on the evolution of the 

resistance  patterns and antibiotic consumption should be 

mandatory in each hospital. Collaboration between the 

clinicians, microbiologists, pharmacists and hygienists 

together and with the infection control officers should 

also be mandatory. Guideline development and 

implementation, formulary restrictions, and quality-

improvement teams, are techniques that have been shown 

to have a positive effect on changing prescribing 

patterns. In the future we hope to apply computer-

assisted prescribing in our institution after completion of 

the hospital intranet. 
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