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Abstract 

Background: Antimicrobial resistance is one of the biggest challenges facing global public health. In the past sixty years, 
many classes of antimicrobial have been developed, but duration of benefit appeared to be limited: resistance has 
emerged to every antimicrobial class.  Antimicrobial resistance seriously hampers treatment of infections and leads to 
increased length of stay, morbidity, mortality and healthcare costs, both in hospital and community settings. In the era of 
increasing bacterial resistance and in the absence of new effective antibacterial drugs, it is necessary to use the currently 
available agents optimally and appropriately. Of the interventions designed to reduce antibiotic resistant rates in 
hospitals, where antibiotic usage is high, is antibiotic cycling or rotation.                                                                                                                              
Method: a prospective quasi-experimental (pre & post intervention), nonrandomized, observational study, conducted in 
Ibn Sina Hospital at two surgical wards (Gastro-intestinal tract & Urology surgical wards), to evaluate the impact of 
antimicrobial cycling intervention in the prevalence of antimicrobial-resistance bacteria. Three antibiotic classes 
(cephalosporin, amoxiclave and ciprofloxacin) were systematically cycled for 3-4 months intervals over 2 years. 
Colonization with antibiotic-resistance bacteria was determined with intensive surveillance, through cultured a bacterial 
isolates taken from surgical wounds and urine and sensitivity test were performed for susceptibility.                                                                                                 
Results: In all, 1681 surveillance samples obtained from 2359 eligible patients admitted to the Ibn Sina hospital. Of these 
samples 345 (20.5%) obtained from GIT ward as surgical and wound swabs, 1336 (79.5%) samples obtained from urology 
surgical ward (1197 urine samples and 139 surgical swabs). A decrease in the mortality rate was observed when comparing 
between the baseline period and most of the cyclic periods for each ward, but with no significant difference. Length of stay 
decreased from baseline period to cyclic period for each ward (GIT 13.3± 11.8 Vs 9.6± 8.7 ,p ≤  0.229 ; Urology 11.9± 12.42 
Vs 7.1± 5.5   p≤ 0.204).As general we notice that there is a divergent effect of the antimicrobial cycling on the prevalence of 
bacterial resistance. A slight decrease in mean resistance percentage, (R %) for all gram-positive bacteria (GPB) between 
baseline and cycle (VI) in GIT ward (decreased from 79% to 73%), while there is increase in mean (R %) for all gram-
negative bacteria (GNB) for the same ward during same period (increased from 89% to 100%). In urology ward an increase 
in mean (R%) for GPB between baseline and cycle (VI) (increased from 81% to 97%),but a decrease in mean (R%) GNB for 
the same ward during the same period (decreased from 88% to 78%).  
Conclusion: After two years follow-up our study was successes to stabilize antibiotic resistance, without significant 
reduction, especially when we put in consideration that the physicians' adherence to only the use of the cycled 
antimicrobial was poor and also erratic. 
Key words: antibiotic resistance; antibiotic cycling; antibiotic rotation, antibiotic policy. 

 

Introduction: 
The discovery and clinical development of antimicrobial 
agents was one of the greatest contributions to medicine 
and pharmacy, and it is among the most important 
medical advances of twentieth century. These agents have 
played a pivotal role in the management and control of 
infectious diseases, with their discovery was considered 

one of the 10 great public health achievements of the of 
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modern history. The effect of these agents, along with 
improved sanitation and broad application of vaccination, 
has been a substantial reduction in infectious mortality.[1] 
Unfortunately the emergence of antimicrobial resistance 
pathogens threatens these advances and becomes one of 
the major worldwide public health concerns over the past 
decade.[2] Initially, the problem of bacterial resistance to 
antimicrobial drugs was solved by the discovery of new 
classes of drugs, such as the aminoglycosides, macrolides, 
and glycopeptides, as well as by the chemical modification 
of previously existing drugs. But now, there is no 
assurance that the development of new antimicrobial 

drugs can keep pace with the ability of bacterial pathogens 

to develop resistance.[3] There are countless antibiotics; 
more than 50 penicillin’s, 70 cephalosporins, 12 
tetracycline’s, 8 aminoglycosides, 1 monobactame, 3 
carbapenems, 9 macrolides, 3 dihydrofolate reductase 
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inhibitors, despite all these antibiotics a person could die 
in a hospital as a result of resistant bacterial infections.[4] 

The emergence of resistance is a result of factors such as 
increased use and misuse of antimicrobial agents, 
increased use of invasive devices and procedures, a 
greater numbers of susceptible hosts, and lapses in 
infection control practices leading to increased 
transmission of resistant organisms. Also poorly cleaned 
wards allow an accumulation of dirt that can harbor 
resistant bacteria.[3] The emergence of antimicrobial 
resistance has made the appropriate use of antimicrobials 
a considerable challenge to clinicians. The difficulty in the 
use of antimicrobial lies in the need to balance two 
conflicting goals: (1) the provision of aggressive 
antimicrobial therapy to treat infections adequately and 
(2) the avoidance of excessive antimicrobial use to limit 
the emergence and spread of antimicrobial resistance.[5]   
Also Antimicrobial resistance increases the morbidity, 
mortality, and cost associated with the disease. Morbidity 
and mortality increase because effective therapy for 
specific infections is delayed. The substitution of newer 
and more expensive antimicrobial agents for drugs to 
which organism have become resistant and prolonged 
length of stay due to antibiotic resistance increases the 
cost of medical care.[6] It has become axiomatic that the 
prevalence of resistance determinants increases only after 
the specific antibiotic is introduced to clinical use. The 
tight association in time between the introduction of 
antimicrobial agents and determinants that confer 
resistance to them often been interpreted as causation. 
Selective antibiotic pressure, both in and outside the 
hospital environment, is the most important determinant 
the development and spread of antimicrobial resistance 
genes.[7]                                                  
Sudan as one of many developing countries suffering from 
misuse of antimicrobials and therefore emergence of 
resistance. Many publications have documented the 
irrational prescribing patterns of antibiotics in different 
settings and data confirm that resistance rates are high 
and rising.[8-13] Also, not many institutions have an active 
hospital infection control committee or established 
institutional guidelines to streamline the antimicrobial 
prescribing practices. Hence various forms of 
inappropriate prescribing often remain unnoticed.                                                     
 The introduction of new agents that evade resistance 
mechanisms has allowed medicine to stay one step ahead 
of resistance. However, the pace of antimicrobial drug 
development has markedly slowed in the last 20 years; the 
discovery and development of new antimicrobial drugs 
that are active against multidrug-resistant organisms have 
slowed dramatically. United States Food and Drug 
Administration approval of new antibacterial agents 
decreased 56% from 1983 to 2002.[14] In fact only 2 
antimicrobial agents with genuinely novel mechanism of 
action (Linezolid and Daptomycin) have been released 
during the last decades.[15] There are many reasons for 
this, including the current cost of bringing a new antibiotic 

from discovery to the market (between $100 million and 
$350 million) such a cost may make drug development 
unprofitable, given that the profits available from such 
development (as a function of volume and price) might be 
threatened by policies aiming to contain resistance by 
reducing consumption of antimicrobials.[16] Moreover, 
 

most of the obvious bacterial targets for antimicrobial 
agents have been discovered,   so that it will take new 
methods and increased effort to discover novel agents.[2] 
However, given the lag time between discovery of 
molecules active in vitro and the introduction of drugs into 
clinical use, we face a decade or longer during which 
introduction of novel antimicrobial is expected to be 
minimal. Even when new agents are introduced into 
clinical practice, resistant for these drugs will certainly 
appear.[17] However, with only a few antibiotics in the pipe 
line of the pharmaceutical industry we are at severe risk of 
entering a post-antibiotic era with multi-drug resistant 
microorganisms. This means that we must be prudent in 
the use of remaining effective antimicrobial agents that 
are currently at our disposal.[18-19] The growth of 
antimicrobial resistance has prompted calls to reduce 
unnecessary antibiotic use and to improve treatment 
protocols to maximize the life span of these drugs. These 
calls rest on the well-supported idea that the use of 
antimicrobial agents is a powerful selective force that 
promotes the emergence of resistant strains.[20] 
Several discrete strategies and approaches have been 
designed to reverse or reduce microbial resistance to 
antimicrobials, including optimal use of the agents; 
control, removal, or restriction of antimicrobials; use of 
antimicrobial combination; improving infection control 
measures; reducing unnecessary and inappropriate 
antibiotic use and rotational or cyclic use of 
antimicrobials. The antimicrobial cycling has received 
great interest recently because it seems to have greatest 
likelihood of success in acute-care hospital settings.[21]  
Antimicrobial cycling is a deliberate, scheduled removal 
and substitution of specific antimicrobials or class of 
antimicrobials within institutional environment (either 
hospital-wide or confined to specific units) to avoid or 
reverse the development of antimicrobial resistance. True 
antimicrobial cycling requires a return to the 
antimicrobial (s) that were first used. [22] The goal of 
antimicrobial cycling is a sustainable decline or 
stabilization in antimicrobial resistance through 
successive, prospective alterations in antibiotic selection 
pressures that prevent selection of specific resistant traits, 
and therefore organisms. The design of a rotation or cyclic 
protocol must put into account the patient population, 
incidence of infection, local bacterial ecology, and local 
antibiotic antimicrobial-susceptibility profile.[23] Many 
published studies demonstrate that cycling may be one 
way to change prescribing practices by clinicians without 
sacrificing patient safety and optimizing antimicrobial use 
and utilization.[24] The purpose of this study was to 
determine the impact of antimicrobial cycling intervention 
in prevalence of antimicrobial-resistance bacteria in 
gastrointestinal and urology surgical wards in Ibn Sina 
Hospital during the period from 2008-2010. Other 
outcome measures were to determine the impact of 
implemented policy in colonization rate, mortality, length 
of stay and antibiotic use during the same period. 
 

Method: 

This is a prospective quasi-experimental (pre & post 
intervention), nonrandomized, observational study, 
conducted in a 2 years period from June 2008 to May 
2010. The study was performed in Ibn Sina Hospital at two 
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Table 1: Antibiotic rotation policy during the different cycles 
  

Cycle (I) 

 

Cycle (II) 

 

Cycle (III) 

 

CCycle (IV) 

 

Cycle (V) 

C 

CCycle (VI) 

GIT  

Surgical  

Ward 

 Cephalsporins Class           
(2nd or 3rd 
generation) 

     ± Metronidazole 

Beta-lactame Pencillins     
Class (Amoxiclav) ± 
Metronidazole# 

Quinolones Class            
(Ciprofloxacin)± 
Metronidazole# 

Cephalsporins Class(2nd  
or 3rd generation) ± 
Metronidazole# 

Beta-lactam Pencillins 
Class(Amoxiclav) 

± Metronidazole# 

Quinolones Class             
(Ciprofloxacin) 
±Metronidazole# 

Urology      

Surgical 

Ward 

Cephalsporins Class           
(2nd or  3rd generation) 

    ± Metronidazole# 

    ± Gentamicin* 

Beta-lactame Pencillins 
Class (Amoxiclav) 
± Metronidazole# 

± Gentamicin* 

Quinolones Class 
(Ciprofloxacin) 
± Metronidazole# 

± Gentamicin* 

Cephalsporins Class            
(2nd or 3rd generation) 
± Metronidazole# ± 
Gentamicin* 

 Beta-lactame Pencillins     
Class (Amoxiclav)± 
Metronidazole# 
± Gentamicin* 

Quinolones Class           
(Ciprofloxacin) ± 
Metronidazole# 
± Gentamicin* 

2nd generation cephalosporin mainly cefuroxime  

3 rd generation cephalosporin mainly ceftazidime , ceftrixone, Ceftizoxime   

amoxiclave = Amoxicillin +Clavulanic acid   # If anaerobes infection suspected                                                                                                                                                              
*If Pseudomonas aeruginosa suspected                                                                                                                              
 

Specimen for culture and sensitivity were collected twice 
times per week from each ward (As surgical operations 
done twice/week for each ward), from eligible patients  by 
two nurses as surgical swabs from GIT & urology wards or 
urine samples from urology ward only and sent to the 
hospital laboratory for culture and sensitivity tests. 
Neither of GIT nor urology wards routinely uses the 
practice of obtaining screening or "Surveillance" cultures, 
and any cultures obtained before intervention were for 
presumed infection based on the clinical picture or for 
quality control. Additional intervention were carried in a 
form of a comprehensive educational program and written 
guidelines for each unit staff before each cycle 
implementation. Also in cooperation with infection control 
unit we arranged to intervene to improve and facilitate 
some basic infection controls concept such as cleaning, 
disinfection sterilization and hand hygiene to reduce the 
spread of resistant bacteria. All the data were monthly 
collected prospectively through variable sheet record for 

each infectious episode from admitted date to hospital 
ward until discharged or death during baseline and cyclic 
period. At the end of each cycle period the data collected 
was processed and analyzed using WHONET software. 
(WHONET is data base software which established and 
implemented by World Health Organization as a 
surveillance tool for antimicrobial resistant detection). 
Primary outcome was (resistance %) which could be 
obtained from WHONET as (% R  95%C.I) for baseline and 
other cycle's periods. Secondary outcome measure was the 
percentage of colonization with resistant bacteria to the 
antibiotic of choice during each cycle (Once a patient 
colonized with an antibiotic-resistance microorganisms, 
he/she was considered colonized until discharge).Also 
prevalence of colonization or infection, also calculated  by 
dividing the number of patients colonized/infected with 
microorganism  by total number of patients in the ward at 
same period (patients-days), and was expressed per 1000 
patient-days. Statistical analysis were performed by using  

A statistical software package (SPSS, version 16.0). 
Categorical variables compared using Chai-square test 
(X2).  Difference between cycles was considered significant 
for variables yielding P–value (≤ 0.05).                           
Ethical approval was obtained from Medical Ethical 

Committee, Ministry of Health and also hospital approval 
was obtained. Considering the observational nature of the 
study, the use of conventional antibiotic therapy, the 
routine performance of surveillance cultures, so there is 
no need to obtain informed consent from the patients. 

 

Results: 
In all, 1681 surveillance samples obtained from 2359 
eligible patients admitted to the Ibn Sina hospital 
throughout study period from May 2008 to May 2010. Of 
these samples 345 (20.5%) obtained from GIT ward as 
surgical and wound swabs, 1336 (79.5%) samples 
obtained from urology surgical ward (1197 urine samples 
and 139 surgical swabs). 644 (27%) of the eligible 
patients from GIT ward and 1715 (73%) from urology 
ward. About 68% (1596) of the total eligible patients 
admitted to the hospital were male and the mean age 
range between 47± 15.2 – 53.4±17.02 from GIT ward 
41±22.6 - 44±21.6 from urology ward. Different reasons 
for surgical operations and underline diseases for 
admission to both surgical wards, but the main reasons 
were stones and cancer of GIT and urology system. A 
decrease in the mortality rate was observed when 
comparing between the baseline period and most of the 

cyclic periods for each ward, but no significant difference 
except in cycle (I) (p≤ 0.0085)  and Cycle (IV)  (p≤ 0.0072) 
in urology ward (cephalosporin cycles). Increase in 
mortality rate observed in cycle (VI) (quinolones ) in GIT 
ward and in cycle (II) & (V) (amoxiclave period) in urology 
ward (GIT 13.5% Vs 14% p≤ 0.793  ; Urology 3.5% vs. 4%  
p≤ 0.8745 & 3.5% vs. 7% % p≤ 0.0588) (this cyclic periods 
associated with high rate of cancer disease of GIT and 
urology. Length of stay is another measuring outcome 
decreased from baseline period to cyclic period for each 
ward (GIT 13.3± 11.8 Vs 9.6± 8.7  p ≤  0.229 ; Urology 
11.9± 12.42 Vs 7.1± 5.5 p≤ 0.204 ),but no significant 
difference between preintervention and postintervention 
periods.  Demographic, clinical and pharmacological 
characteristics and outcome data, for baseline and six 
cyclic periods for both wards described in details in 
Tables (2 & 3).  

 Table 2 : Demographic & Clinical data comparative results for the baseline and cyclic periods in GIT surgical ward. 

 Baseline Cycle  (1) Cycle (II) Cycle (III) Cycle  (IV) Cycle (V) Cycle (VI) 

Admissions 344 351 411 392 286 345 319 

Days 121 122 120 122 91 90 92 

Admissions/day 3 3 3.4 3.2 3.2 3.8 3.5 

Patients/days 3246 4479 3744 3534 2589 2569 3823 
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Table 3 : Demographic & Clinical data comparative results for the baseline and cyclic periods in urology surgical ward.                       

Total Nursing   Days 5835 5144 5262 5039 2355 2819 2541 

Beds Occupancy Index 0.95 0.86 0.99 0.94 0.52 0.62 0.56 

Eligible Patients, N 195 62 147 63 60 61 56 

Male, N (%) 81(41.5%) 28(45.2%) 50(34%) 28(44.4%) 25(41.7%) 19(31.1%) 27(48.2%) 

Mean age, Years ± Sd 47±15.2 53.4±17.02 50.5±16.03 48.6±14.7 47.9±16.9 49.2±15.2 52.2±17.7 

Main Reasons for surgical operation (%)               

Gallstone disease                                   (44%) 

 
(19.5%) (41%) (47.5%) (42.3%) (45.9%) (34.0%) 

Cancer of GIT 
 

(25%) 

 
(63%) (34%) (30%) (30%) (39.4%) 44.7% 

Obstructive Jaundice 
 

(1.5%) 

 
(0.5%)                              
(0.5%) 

(5%) (8%) (6.7%) (4.9%) 7.2% 

Hernia 
 

(5%) 

 
(16.5% (1.4%) (3%) (1.7%) (3.3%) 1.8% 

Others (24.5%) (19.5%) (18.6%) (11.5%) (19.3%) (6.5%) 12.3% 

Length of stay 

Mean, days ± Sd 
 

13.3 ± 11.8 

 
14.55 ± 
12.75 

 

7.6 ± 6.86 

 
9.2 ± 6.83 

 
8 ± 7.78 

 
9.3 ± 7.9 

 
11.4±8.94% 

Median 10 13 6 8 6 6 9 

Antibiotic Treatment Days 

Mean, days ± Sd 

 
4.47 ± 4.456 

 

9.15 ± 5.98 

 
4.7 ± 4.2 

 
5.7 ± 3.4 

 
3.38 ± 2.23 

 
5. 8 ± 5.68 

 
5. 5± 3.38 

 

Median 3 9 4 5 2 4 5 

Mortality (Mean %) (13.5%) 
 

(12%) 
 

(10%) 
 

(11%) 
 

(13%) 
 

(11%) 
 

(14%) 
 

P*  
 

≤ 0.5016 ≤ 0.1132 ≤ 0.2623 ≤ 0.8034 ≤ 0.2819 ≤ 0.793 

 Baseline Cycle  (1) Cycle (II) Cycle (III) Cycle  (IV) Cycle (V) Cycle (VI) 

Admissions           577 405 473 563 421 379 353 

Days 121 122 120 122 91 90 92 

Admissions/day 5 4 4 4.6 4.6 4.2 3.8 

Patients/days 4769 3833 5023 6175 3953 2528 2770 

Total Nursing   Days 5655 3987 4177 4704 2708 3523 2218 

Beds Occupancy Index 0.9 0.57 0.60 0.66 0.51 0.67 0.42 

Eligible Patients, N 365 208 230 301 218 228 165 

Male, N (%) 288(79%)   157(75.5%)   180(78.3%) 251(83.4%) 168(77.5%) 177(77.6%) 117(71.5%) 

Mean age, Years ± Sd 41±22.6 44±21.6 42±23.5 41.5±22.7 42.5±23.1 42.5±23.1 42 ±23.1 

Main Reasons for surgical operation (%) 

Urinary System Stones      (40%) (22%) (26%) (32%) (28%) (28%) (39.4%) 

Cancer of Urinary System 

 
(11%) (12%) 21%) (7%) (10%) (14.5%) (12.6%) 

Benign Prostatic Hyperplasia  (11%) (11%) (9%) (13.3%) (11.2%) (12.3%) (14.0%) 

Urethral Structure 

 
(10%) (20%) (12%) (24.3%) (20%) (23.7%) (13.3%) 

Kidney Disorders 

 

(6%) (12%) (12%) (10%) (5%) (3%) (3.0%) 

Others (22%) (13%) (20%) (13.4%) (14.8%) (18.4%) (18.0%) 

Length of stay 

 

Mean, days ± Sd 

 

 

11.9± 12.44 

 

 

8.25 ± 5.4 

 

 

7.9 ± 6.4 

 

 

5.8 ± 4.1 

 

 

5.6 ± 3.6 

 

 

7.2 ± 6.3 

 

 

9.3 ± 6.48 
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    P* = P-value for mortality compared to baseline period, z-test for proportions.                                               
 
The most common isolated pathogens in GIT ward throughout 
study period were Staphylococcus aureus (50%), Escherichia coli 

(19%), Enterbacteriaceae sp (11.4%) and Pseudomonas 

aeruginosa (5.4%). In urology ward Escherichia coli (29%), 
Enterbacteriaceae sp (22%), Pseudomonas aeruginosa  (16%), 
Staphylococcus  aureus  (9%), Candida albicans  (8.1%) and 
Kelebsiella pneumonia  (5%) were the most organisms isolated 

on cultures. There is a reduction in the overall incidence of 
infection and colonization (measured as % of positive growth 
and rate of prevalence /1000 patient-days). Percentage of 
positive growth  had been reduced with antibiotic rotation for 
both GIT and urology ward from 56% and 39.1% in 2008 to 
25.9% and 35.2% in 2010 respectively (p≤ 0.0038 & 0.7550). 
(Table 4) 

Table 4: Rate of prevalence and percentage of colonization during different periods in GIT and urology surgical ward in Ibn 

 Sina Hospital 

             Period GIT Surgical Ward Urology Surgical Ward 

 % of positive growth  

from colonization 

cultured samples 

Rate of 

prevalence 

of 

colonization 

% of positive growth 

from cultured 

samples 

Rate of prevalence of colonization  
(per 1000 patients) 

 Baseline 61% 8.3/1000 
patient-days 

44.7% 8.0/1000 patient-days 

First 

Rotation 
Cycle (I) 51% 5.8/1000 

patient-days 
33.5% 16.7/1000 patient-days 

Cycle(II) 46.7% 9.3/1000 
patient-days 

19.6 % 6.2/1000 patient-days 

Cycle(III) 54% 9.6/1000 
patient-days 

40% 19/1000 patient-days 

Second 

Rotation 
Cycle(IV) 11.1% 0.4/1000 

patient-days 
25% 13.7/1000 patient-days 

Cycle(V) 21.4% 3.5/1000 
patient-days 

28% 24.5/1000 patient-days 

Cycle(VI) 30.3% 4.5/1000 
patient-days 

42.4% 25.3/1000 patient-days 

 

The sensitivity tests were used to determine the rates of 
resistance of bacteria isolated in this study shows a high 
rate of resistance to commonly used antimicrobials during 
the baseline and six cyclic periods.  As general we notice 
that there is a divergent effect of the antimicrobial cycling 
on the prevalence of bacterial resistance. A slight decrease 
in mean resistance percentage, (R %) for all gram-positive 
bacteria (GPB) between baseline and cycle (VI) in GIT 
ward (decreased from 79% to 73%), while there is 
increase in (R %) for all gram-negative bacteria (GNB)  for 
the same ward during same period (increased from 89% 
to 100%). In urology ward an increase in mean (R %) for 
GPB between baseline and cycle (VI) (increased from 81% 
to 97%),but a decrease in mean (R%) GNB for the same 
ward during the same period (decreased from 88% to 
78%). Overall antibiotic use (expressed in defined daily 
dose DDD/100 bed-days) decreased with 43% & 15% in 
GIT and urology wards respectively during the 2 years 
study period (from 15.9 DDD/100 bed-days in baseline 
period to 9.1 DDD/bed-days in cycle (VI) in GIT ward and 
(from 32.95 DDD/100 bed-days in baseline period to 28.2 
DDD/bed-days in cycle (VI) in urology ward). As 
compared to baseline period the use of three protocolized 
antibiotics decreased with 44% in cycle (VI) in GIT ward 

 (11.3 vs. 6.3 DDD/100 bed-days) and by 13% in urology 
wards (30.7 vs. 26.8 DDD/100 bed-days).The highest 
proportion of antibiotic used throughout the study period 
was cephalosporins for both GIT and urology wards, 
except for Off-cycle periods (III) in GIT ward and (II) and 
(III) in urology ward. The use of cephlosporins were not 
completely restricted during any period throughout the 
study period in both GIT and urology wards, while 
amoxiclave & quinolones were completely restricted in 
some cyclic periods in GIT ward (cycles IV, V & VI).The 
mean duration of antibiotic treatment days decreased 
from 9.15 ± 5.98 days in cycle (I) to 5.5 ± 3.38 in cycle (VI) 
(P= 0.590) in GIT ward. Also the mean duration of 
antibiotic treatment days decreased from 4.0 ± 3.65 days 
in cycle (I) to 2.73 ± 1.81 days in cycle (VI) (P= 0.493) in 
urology ward. Figures (1-4) shows the relationship 
between antibiotic used in (DDD) and resistant % (R %). A 
trend in the correlation in percentage of Gram +ve and 
Gram -ve resistant per cycle with antibiotic use; that is as 
specified antibiotic prescription increased the resistance 
to this antibiotic increased, and as the specified antibiotic 
prescription decreased the resistance to this antibiotic 
decreased and this well seen by the trendlines. 

 

Median  

8 

 

7 

 

6 

 

5 

 

5 

 

6 

 

6 

Antibiotic Treatment Days 

 
Mean, days ± Sd 

 

 

4.9 ± 7.14 

 

 

4.0 ± 3.65 

 

 

3.5 ± 3.1 

 

 

3.54 ± 2.49 

 

 

3.0 ± 2.5 

 

 

3.9 ± 4.2 

 

 

2.73 ± 1.81 

 

Median  
3 

 
3 

 
2 

 
2 

 
2 

 
3 

 
2 

Mortality (Mean %) (3.5%) 
 

(1%) 
 

(4%) 
 

(3%) 
 

(1%) 
 

(7%) 
 

(2%) 
 

P*  ≤ 0.0085 ≤ 0.8745 ≤ 0.4496 ≤ 0.0072 ≤ 0.0588 ≤ 0.138 
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       Figure 1 & 2: Relationship between amount of antibiotic used in daily define dose (DDD)& bacterial resistance by cycle as a 

percentage of all isolates for Gram +ve isolate from GIT & urology surgical wards (AMC = Amoxicillin-Claviulanic acid , CRO = 

Ceftrixone, CIP = Ciprofloxacin). 

 
 
Figures (3&4): Relationship between amount of antibiotic used in daily define dose (DDD)& bacterial resistance by cycle as a 

percentage of all isolates for Gram-ve isolates from GIT & urology surgical ward .(AMC =Amoxicillin-Claviulanic acid ,CXA, 

Cefuroxime, CRO = Ceftrixone, CIP =Ciprofloxacin). 
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Discussion: 
The main aim of this prospective pre-after study during 
2008-2010, was to determine whether the prevalence of 
antibiotic- resistant bacteria could be reduced by a 
scheduled change of antimicrobial agents. The hypothesis 
behind this strategy is that the cyclic exposure to 
homogenous selective pressure prevents emergence of 
resistance in two ways. First, it is assumed that the 
antibiotic-resistant microorganisms have a growth 
disadvantage when the selective antibiotic pressure is 
withdrawn. Therefore, resistance development during 
exposure will be counterbalanced during periods of 
nonexposture. Second, if resistance develops during one 
period, exposure to another class of antibiotics in the 
following cycle will eliminate the resistant 
microorganism. For this to occur mechanisms of 
resistance development for the different antibiotics 
should not be identical and cross-resistance should be 
absent. However, a part from theoretical consideration, 
many aspects of daily clinical practice may interfere with 
these concepts. For example, adherence of prescribers to 
policy and guidelines, changes in the numbers of patients 
introducing resistant microorganisms into unit or changes 
in compliance with hygienic measures will affect 
emergence of antibiotic resistance. Whether the 
theoretical benefits of antibiotic cycling hold true in daily 
practice can only be effective by controlling confounding 
variables. The present study shows some differences 
between theoretical considerations and daily clinical 
practice. Adherence to the cycling protocol is apparently 
difficult to achieve since (5%-96.6%) of patients received 
the off-cycle antibiotics, with an about 40% & 30% of all 
cases antibiotics in GIT and urology respectively were not 
prescribed according to the protocol. In every cycle 
(where it is not the on-cycled antibiotics), cephalosporins 
were the most frequent off-cycle drug to be prescribed in 
both GIT and urology ward. This could be justified mainly 
due to the constant change and high rotation for the 
house staff attending through the service in the hospital 
(physicians changed every 3-4 hours), also voluntary 
compliance efforts were not successful and some kind of 
quite rigidly consistent formulary must be enforced. In 
many published trials of antimicrobial cycling, as much as 
50% of antimicrobial use was "off-cycle" because of 
concerns over resistance, allergies, medication side 
effects, and use of antimicrobials in accordance with 
national guidelines. Possibly as a consequence of poor 
adherence to antimicrobial cycling regimens, 
antimicrobial results have produced conflicting results.26-

30Percentage of positive growth  had been reduced with 
antibiotic rotation for both GIT and urology ward from 
56% and 39.1% in 2008 to 25.9% and 35.2% in 2010 
respectively (p≤ 0.0038 & 0.7550). During the present 
study, the infection control unit implemented an alcohol-
based hand hygiene as one of enforced infection control 
campaign at the end of first rotation in whole hospital and 
it may be a confounding factor for high drop of rate of 
prevalence of colonization in both wards from cycle (III) 
to cycle (IV) (from 9.6/1000 patient-days to 0.4/1000 
patient-days in GIT ward and from 19/1000 patient-days 
to 13.7/1000 patient-days in urology ward), but it seems 
remained not identical  and less stringent  infection 
control for the remainder of the study  as the rate of 
prevalence increased in cycle (V) & (VI) in both wards 
table (4). However, remains unexplained whereas the 

reduction in antibiotic resistant organisms and infections 
may be due to the antibiotic rotation or other factors. but 
many studies confirm that altering policy or antibiotic 
rotation potentially alters an organism's ability to infect 
its host and decreases the incidence of infection with both 
antibiotic sensitive and antibiotic resistant bacteria,31-32 
and our study confirm that  low incidence of infection and 
colonization associated with good adherence to the 
protocol in the first rotation, while  high incidence of 
infection and colonization rate associated with poor 
adherence to protocol in the second rotation. A decrease 
in mortality rate was observed between baseline to cyclic 
period for each ward. Inspite infection- related mortality 
is very difficult to tease out and traced in such hospital 
settings since there are comorbid illnesses that can 
contribute to mortality. Furthermore, significant changes 
in infection control polices such as introduction of alcohol 
hand rubs and a general maintenance to the hospital 
occurred during the second rotation of the study, but 
some of the observed reduction in incidence of infection 
and mortality could have accounted for the antibiotic 
cycling policy implemented. The length of stay (LOS) is 
very important outcome of antibiotic resistance, because 
a larger LOS (reflecting the severity of illness and the 
probability of death) enhancing the risk of becoming 
colonized/infected with a resistance microorganism. The 
majority of studies to date that address the burden of 
resistance compared the morbidity rates and mortality of 
hospitalized patients infected with susceptible or 
resistance organisms, hampered by presence of 
confounding variables such as differences in age, 
underling disease, quality of medical and nursing care and 
antibiotic prescribing practices. The difficulty in 
controlling for important confounding variables arises 
from the lack of randomization in such quasi-
experimental (pre-intervention and post-intervention) 
studies.33-34In our study we addressed some of these 
confounding variables such as age, underlying cause of 
surgery, severity of illness and antibiotic prescribing 
practice. Our study was successes to lower the amount of 
utilized antibiotics used, but it seems this reduction is not 
enough to decrease significantly antibiotic resistance (i.e. 
still above the threshold point to reduce resistance). 
Although resistant development against β-lactam and 
flourquinolone antibiotics is based on different 
mechanism, homogenous exposure to one of these classes 
did not prevent resistance development to other classes. 
In addition, withdrawal of exposure was not followed by a 
rapid decrease of resistance, as predicted by the 
theoretical model. The absence of such a rapid decrease in 
resistance was at least partly the result of cross-resistance 
to multiple antibiotic, also novel antimicrobial resistance 
mechanisms that emerge during one cycle period may 
persist during the following cycling periods, reducing the 
impact of antimicrobial cycling program on resistance, 
especially if the physicians' adherence to only the use of 
the cycled antimicrobial was poor and also erratic and 
this may have a big role in altering the result of our study. 
Any how to lump the resistance % for a group of GPB and 
GNB and take the mean for them, may be misleading 
because the resistance mechanisms for the different 
pathogens can differ and the expected impact of altered 
antimicrobial agent pressure likely differs among these 
pathogens. Therefore, cycling may be most officious in 
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environments in which resistance determinants have not 
yet become established because organisms that are 
resistant to one drug are more likely to become resistant 
to others.[35] There is reason to be skeptical about the 
utility of this intervention after resistance appears, based 
on the persistent resistance to trimethoprim among 
Gram+ve and Gram-ve bacteria despite infrequent use of 
this antibiotic in the study. Similar results of cross-
correlations between usage of one antibiotic and 
resistance to other antibiotics not in use, particularly for 
trimethoprim and ampicillin was obtained from other 
studies.[12,13,36]Broad spectrum cephalosporins have 
become the ‘work horses’ of the hospital antibiotic 
formulary, as they cover a wide variety of potential 
pathogens. The high level of cephalosporin use in all cycles 
and repeated exposure to the same antibiotics during the 
baseline period and different cycles, and low adherence to 
other antibiotic cycled may provide enough selective 
pressure to promote resistance during the off-cycle 
periods and could explain high cephalosporin resistance in 
this study. High cephalosporin resistant plasmid have now 
been found in many hospitals through the world and 
particularly in critical care facilities, such resistance is 
rising through the spread of CTX-M enzymes, a group of 
extended-spectrum beta-lactamases, which are 
increasingly seen in E.coli isolates from complicated 
urinary tract infections. It is urinary tract infections of not 
only resistant to cephalosporins but also to other standard 
treatments for urinary tract infections, including 
flouroquinolone, and trimetoprim leaving only few active 
alternatives, 37-39 and our results confirm this hypothesis 

In the first rotation study period , alarming levels of  
methacillin resistance S.aureus (MRSA) & vancomycin 
resistance S.aureus (VRSA) isolates were detected  in GIT 
ward during the study (data not shown). The average 
resistance of S.aureus  during the first cyclic periods from 
cycle (I) to cycle (III) were (93%) to methacillin, (90% ) to 
penicillin-G and (72%) to  oxacillin . Also about (70%) of 
the isolates were crossed  resistance with ofloxacin  which 
is of different mechanism of action. The prevalence of 
MRSA (methicillin resistant S.aureus) has increased 
worldwide, as its evident from many surveillance 
studies.[40-42] The use of cephalosporin has also been 
associated with an increased prevalence of MRSA and 
vancomycin-resistant enterocooci (VRE), although a direct 
causal relationship has not been established.2 Therefore  
 

 
the treatment of infection due to these organisms and 
their eradication is very difficult. Constant monitoring of 
these strains is essential in order to control their spread in 
the hospital environment and transmission to the 
community.[43] Our study confirms that there is a relation 
between antibiotic use and antibiotic resistance. Short-
term changes in resistance follow changes in antimicrobial 
usage within a few months, but patience may be required 
before resistance can be eliminated long-term.(Mcgowan 
and Gerding),[44] suggested that (1) increasing duration of 
patient exposure to antimicrobial agents increases the 
likelihood of colonization with antibiotic resistance 
microorganisms; (2) the changes in antimicrobial agent 
uses coincide with the changes in prevalence of resistant 
(3) antimicrobial resistance is more prevalent in 
noscomial bacterial strains than in community-acquired 
Infection. Similar results was obtained by (Van Loon & his 
colloquies),[45] who were evaluated the acquisition of 
resistance to three antibiotics during a cyclic protocol 
(cefpirome, piperacillin/tazobactam or levofloxacin) and 
found that bacteria tend to be less susceptible to 
levofloxacin and piperacillin/tazobactam during cycling 
periods of exposure to each of these antibiotics, likely 
related to the homogenous pressure of the antibiotic, but 
they did not find a major increment in cross-resistant 
between the antibiotics that is were off the cycle. Our 
study has several limitation and shortcomings; First :-This 
study was carried out in only one hospital, with a specific 
ecology, over a long period and we should be cautious 
about extrapolating the result to other settings. Second, 
we did not establish a control unit in our study to compare 
with the intervention units. Third, the first three cycles 
(rotation 1), cycles were 4 months in the length, during 
rotation 2, cycles were 3 months in length. While this 
change might shed light on the question of appropriate 
cycle length for a successful cycling protocol, it is also 
limits the generalizability of the data, but this mainly due 
to the research funding limitations and low adherence and 
cooperation from prescriber at rotation two mainly. 
Fourthly, the culture and sensitivity tests were done in the 
microbiological laboratory of Ibn Sina hospital and no 
profiency test done to validate the accuracy of laboratory 
standard test procedures during the study period. Finally 
our study done in open surgical wards while most of 
similar studies were done in closed controlled intensive 
care units (ICUs), but this drawback could be justified as 
there is no typical ICU in our hospital settings.       

 

 Conclusion: 
Generally antimicrobial cycling is a structured way of 
introducing antimicrobial heterogeneity into prescribing 
practice. Heterogeneity provided in drug use is temporal 
heterogeneity ( by time period) rather than spatial ( by 
patient) heterogeneity, which in turn the most likely way 
to reduce the selection pressures leading to antimicrobial 
resistance Several conclusions can be obtained from this 
study. First, it is difficult to fully restrict certain antibiotics 
in a cycling rotation. Antibiotic resistant patterns of 
clinically significant isolates and physician preferences of 
prescribing certain antibiotics and patient factors such as 
drug allergies, severity of illness, and organ dysfunction 
can take precedence over clinical protocol. Second, multi-
resistant bacteria may defeat the benefit of antibiotic 
cycling, retaining their survival advantage under success- 
 

 
-ive cycling rotation, subsequently, these multi-        
resistant microbes are difficult to eliminate during a 
cycling study, because they were introduced in baseline 
period before cyclic intervention and, due to their multi-
resistant, can persist during the following cycles. The 
effect of antimicrobial cycling is stabilizing or to some 
extent decreasing this multi-resistant or cross-resistance 
bacteria. Thirdly compliance with the cycling or any 
guideline programs is difficult to achieve and it is 
impossible to "turn-off" use of specific agents completely 
without some sort of enforced programs. Cooperation of 
whole medical staff was essential for the success of any 
policy. Without staff buy in, effective implementation of 
any future antibiotic protocols will be impossible. We 
believe that a large, multicentral, multidisciplinary, 



Kheder I Salah  et al. / JPBMS, 2011, 5 (07) 

9                                                       Journal of Pharmaceutical and Biomedical Sciences (JPBMS), Vol. 05, Issue 05 

controlled study needed to evaluate and compare the impact of the antibiotic use protocol on antibiotic-resistance 
bacteria.
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