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Abstract: 
Background: Continuous surveillance of local antimicrobial susceptibility patterns is a must for combating antimicrobial 
resistance. WHONET5 software was recognized as analysis and surveillance tool for investigators. Objective: To analyze 
Ibn Sina hospital laboratory microbiological data by using WHONET5 software, and to acquire information about 
antimicrobial resistance of G +ve and G -ve strains among GIT and urology surgical wards. Method: The surveillance 
database from May 2008-May 2010 had been analyzed using WHONET5 software. We investigated the resistance for the 
hospital antimicrobial panel available. We evaluated the cross-resistance for the widely prescribed antibiotics pre & post-
operatively (Ceftrixone, Co-amoxiclave, and Ciprofloxacin). Also the quarter time transition of resistance ratio and 
resistance profile had been carried for the hospital antibiotic panel used. Results: the data of 1681 samples were 
accumulated and analyzed. High resistance rates for antibiotic panel used in GIT and urology wards for G +ve and G -ve 
organisms were detected. The ratio of ceftrixone cross-resistance for G +ve organisms were 70.9% with amoxiclave and 
70% for ciprofloxacin and for G –ve organisms were 78.3% &73.5% for amoxiclave and ciprofloxacin respectively.  The 
rates of resistance was kept high and persistent over the quarter time periods and the phenotypes did not changed 
obviously for the sequential quarters. Conclusion: Resistant degree among hospital wards studied were very obvious and 
high. WHONET is an effective computerized microbiology laboratory data management and analysis program that can 
provide guidance for drug-policy decisions and preventive measures and can be used to investigate the impact of 
interventions. 
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Introduction: 
The emergence and dissemination of resistant bacteria is a 
natural process in which bacteria get adapted to hostile 
environment rich in antibacterial agents. Genes expressing 
resistance to each antimicrobial agent emerged after each 
agent became widely used. Different genes expressing 
differing levels of resistance to different members of each 
family of agents eventually emerged and spread widely [1]. 
Emergence of resistance to multiple antimicrobial agents 
in pathogenic bacteria has become a significant public 
health threat as there are fewer, or even sometimes no 
effective antimicrobial agents available for infections 
caused by these bacteria. Gram-positive and Gram-negative 
are both affected by emergence and rise of antimicrobial 
resistance [2]. The problem of increasing antimicrobial 
resistance is even more threatening when considering the 
very limited number of new antimicrobial agents that are 
in development [3].                                                                                             
Surveillance of antimicrobial resistance is a fundamental in 
controlling resistance and considered as integral part to 
any strategy for antimicrobial resistance containment. It is 
providing the data required to locate an antimicrobial 
problem, monitor its growth, transmission and determine 
the impact of intervention intended to be contain it [4].   

Generally surveillance of resistance is needed to monitor 
epidemics of resistance genes. This differs from classic 
epidemics, in which infectious agents move through 
populations of human or animal hosts. A resistance gene 
moves in one strain or in succeeding strains through 
populations of bacteria, which may be moving through 
such hosts [5].                                                                                                                             
 
The world Health Organization (WHO) has established and 
implemented a surveillance tool for antimicrobial 
resistance known as WHONET. This is a software program 
designed to meet the need of surveillance and tackle the 
problem of antimicrobial resistance. It requires accurate 
and easily accessible data on antimicrobial resistance to 
support decision making and to take action from local and 
global level [6-8]. Susceptibility test measurements of any 
kind and all other information about each isolates may be 
entered directly into WHONET's universal file format. It 
has user- friendly analytical programs that enable workers 
at any medical centre to analyze their own isolates in many 
ways easily. The WHONET file structure has extensive 
dictionaries for data such as bacterial species, specimen 
types, categories of patient's locations, antimicrobial 
agents, and susceptibility tests measurements and results.9    
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Realizing the high prevalence rate in our country Sudan, 
present study was carried out with the aim of surveillance 
of drug resistance in various bacterial isolates. The 
primary author has used the WHONET program to analyze 
Ibn Sina hospital laboratory microbiological data and to 
acquire information about antimicrobial resistance of 
Gram-positive and Gram-negative among Gastro-intestinal 
and Urology surgical wards. 
                                                                                                                                                                                                                                                                                                      
Material and Method:                                                                                                                                                                         
The present study was conducted in the department of 
microbiology of Ibn Sina hospital from May 2008 to May 
2010. All clinical and surveillance samples received in the 
department from Gastro-intestinal tract (GIT) and Urology 
wards for culture and sensitivity for aerobic bacteria were 
subjected to this study. Isolation of pathogenic bacteria and 
identification to the species level was performed by 
standard method.10 The disc diffusion method standardized 
as per National Committee for Clinical Laboratory 
Standard (NCCLS)11 guidelines. For internal quality control, 
S. aurous (ATCC 25923), E. coli (ATCC 25922), P. 
aerogenosa (ATCC 27853), K. pneumonia (ATCC 70063), 
Protus mirabilis (ATCC 14153) strains were used.12 Main 
perquisite for compilation was computer installed with 
WHONET software program. All data was entered into the 
program manually on a monthly basis and analyzed 
quarterly for each ward and presented separately and 
accumulatively to acquire information about resistance % 

(R %) to the local laboratory antibiotics panel. Also we use 
WHONET to analyze resistance as scatterplot which is 
analysis type correlate resistance of different antibiotic 
classes.   In addition, results obtained can be analyzed as 
resistance profile which study used to reflect the multi-
resistant pattern of the isolates to the most antibiotics 
prescribed. Beside that we determined the prevalence and 
the antibiotic susceptibility pattern of Methicillin-resistant 
Staphylococcus aureus (MRSA). To carefully characterize 
the patterns of resistance of MRSA, cross resistance of 
isolates to 5 antibiotics with different mechanisms of 
action were detected. Those include methicillin, amikicin, 
pencillin G, ofloxacin, and vancomycin.       
                                                                                              
Results: 
During two years study period 1681 surveillance and 
clinical samples were received for culture and sensitivity 
tests. 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). During the study period 13 
different species of bacteria were isolated, about 74% were 
gram negative and 26% gram positive bacteria. E. coli and 
S. aureus comprised the highest number and percentage of 
isolates of each stain respectively. Table 1 shows the 
details of organisms isolated from both GIT and urology 
wards during the study period: 
                                                                                                    

 
Table 1: shows the details of organisms isolated from both GIT and urology wards. 

 
Species 

Type of ward All 
GIT Urology No % 

Staphylococcus  aureus 76 42 118 79.73% 
Entercoccus faecalis 1 11 12 8.12% 

Staphylococcus  epidermidis 2 5 7 4.73% 
Staphylococcus  saprophyticus 3 3 6 4.06% 

Streptococcus sp. 2 3 5 3.38% 
All Gram-positive isolates  84 64 148 100.00% 

Escherichia coli 30 128 158 37.62% 
Enterbacter sp 17 96 113 26.91% 

Pseudomonas aeruginosa    8 72     80 19.05% 
Non-fermenting G-ve lactose       3   24       27 6.43% 

Kelebsiella pneumonia 4 22 26 6.19% 
Proteus mirabilis 1 11 12 2.86% 

Serratia marcescens  1 1   2 0.48% 
Morgenalla morganii  1   1    2 0.48% 

All Gram-negative isolates    65 355  420 100.00% 

 
Table 2: shows the sensitivity pattern of all gram positive organisms isolated during the study period from both GIT and urology wards: 

Antibiotics Panel Tested All Gram Positive in GIT ward N = 84 All Gram Positive in Urology ward N =64 
Code Antibiotic name Number %R %S %R 95%C.I. Number %R %S %R 95%C.I. 

AMK Amikacin 54 18.5 81.5 9.7-31.9 15 66.7 33.3 38.7-87.0 
AMX Amoxicillin 4 75 25 21.9-98.7 1 100 0 5.5-100 
AMC Amoxicillin/Clavulanic acid 69 76.8 23.2 64.8-85.8 44 72.7 27.3 56.9-84.5 
CAZ Ceftazidime 27 85.2 14.8 65.4-95.2 10 100 0 65.5-100 
CRO Ceftriaxone 80 90 10 80.7-95.3 52 88.5 11.5 75.9-95.2 
CXA Cefuroxime axetil 80 83.8 16.2 73.5-90.8 57 80.7 19.3 67.7-89.5 
CIP Ciprofloxacin 79 74.7 25.3 63.4-83.5 49 79.6 20.4 65.2-89.3 
GEN Gentamicin 75 70.7 29.3 58.9-80.4 49 79.6 20.4 65.2-89.3 
MET Methicillin 48 91.7 8.3 79.2-97.3 5 100 0 46.3-100 
NIT Nitrofurantoin 2 50 50 2.7-97.3 26 50 50 30.4-69.6 
OFX Ofloxacin 35 80 20 62.5-90.9 1 100 0 5.5-100 
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PEN Penicillin G 36 88.9 11.1 73.0-96.4 1 100 0 5.5-100 
SXT Trimethoprim/Sulfamethoxazole 79 87.3 12.7 77.5-93.4 53 92.5 7.5 81.0-97.6 
VAN Vancomycin 44 43.2 56.8 28.7-58.9 3 66.7 33.3 12.5-98.2 
OXA Oxacillin 37 75.7 24.3 58.5-87.7 3 66.7 33.3 12.5-98.2 
CLO Cloxacillin 10 40 60 13.7-72.6 2 50 50 2.7-97.3 
ERY Erythromycin 1 100 0 5.5 - 100 NA NA NA NA 
CPD Cefpodoxime 3 33.3 66.7 1.8-87.5 3 100 0 31.0-100 
CTX Ceftatoxime 1 100 0 5.5 - 100 NA NA NA NA 
FEP Cefepime NA NA NA NA 1 100 0 5.5-100 

  R% = Resistance percentage , S% = Sensitive percentage,95% C.I = 95% Confidence Interval, NA = Not Available     
   
Figure 1: The resistance percentage (R%) pattern for all gram positive in GIT ward 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: The resistance percentage (R %) pattern for all gram positive in urology ward   

 
 
Table 3: shows the sensitivity pattern of all gram negative organisms isolated during the study period from both GIT and urology wards                                                                                 

Antibiotic Panel Tested All Gram negative test in GIT ward N = 65 All Gram negative test in Urology ward N = 355 
Code Antibiotic name Number %R %S %R 95%C.I. Number %R %S %R 95%C.I. 
AMK Amikacin 23 34.8 65.2 17.2-57.2 127 56.7 43.3 47.6-65.4 
AMX Amoxicillin 10 90 10 54.1-99.5 49 95.9 4.1 84.8-99.3 
AMC Amoxicillin/Clavulanic acid 47 76.6 23.4 61.6-87.2 260 91.9 8.1 87.7-94.8 
CAZ Ceftazidime 21 81 19 57.5-93.7 113 79.6 20.4 70.8-86.4 
CRO Ceftriaxone 52 75 25 60.8-85.5 274 88.7 11.3 84.2-92.1 
CXA Cefuroxime axetil 54 88.9 11.1 76.7-95.4 271 98.5 1.5 96.0-99.5 
CTX Cefotaxime 6 83.3 16.7 36.5-99.1 11 90.9 9.1 57.1-99.5 
CIP Ciprofloxacin 60 65 35 51.5-76.6 331 78.5 21.5 73.6-82.7 
GEN Gentamicin 55 69.1 30.9 55.0-80.5 284 78.2 21.8 72.9-82.8 
NIT Nitrofurantoin 3 33.3 66.7 1.8-87.5 242 48.3 51.7 41.9-54.8 
SXT Trimethoprim/Sulfamethoxazole 52 88.5 11.5 75.9-95.2 241 88 12 83.1-91.7 
ERY Erythromycin 1 0 100 0.0-94.5 NA NA NA NA 
CDZ Cefodizime 4 100 0 39.6-100 3 100 0 31.0-100 
CPD Cefpodoxime 7 85.7 14.3 42.0-99.2 27 96.3 3.7 79.1-99.8 
FEP Cefepime NA NA NA NA 18 100 0 78.1-100 
CZX Ceftizoxime NA NA NA NA 1 100 0 5.5-100 

R% = Resistance percentage , S% = Sensitive percentage, 95% C.I = 95% Confidence Interval , NA = Not Available 
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 Figure 3: The resistance percentage (R%) pattern for all gram negative in GIT ward                                                                                                                                

 
 

 Figure 4: The resistance percentage (R%) pattern for all gram positive in urology ward   

 
 
 
Cross-Resistance:                                                                                                               
Scatterplot figures for gram positive organisms from (5-1) 
to (5-3) shown that 83.7%, 70.9%- and 77.7% of isolates 
were in the lower left-hand quarter representing the 
proportion of ceftrixone that was resistant to other 
antibiotics, Cefruoxime, Amoxiclave and Ciprofloxacin 
respectively; while only 6.2%, 4.5% and 5.4% were in the 
upper right-hand quarter of the graph representing the 
proportion that was sensitive between each pair of same 
compared antibiotics. 8.5%, 20% and 15.4% were in the 
lower right-hand quarter representing the proportion that 
was resistant to ceftrixone but sensitive to cefuroxime, 
amoxiclave and ciprofloxacin respectively, and 1.6%, 4.5 
and 1.5% of the isolates were in the upper-left hand 
quarter of the graph (sensitive to Ceftrixone but resistant 
to other three antibiotics respectively). This cross-
resistance also existed between Amoxiclave and 
Ciprofloxacin (65.4%) of isolates resistant to both 
antibiotics, while only 15% of isolates sensitive to both of 
them) as shown in figure (5-4). For gram negative 
organisms scatterplot figures from (6-1) to (6-3) shown 
that 86.5%, 78.3% and 73.5% of isolates were in the lower 
left-hand quarter representing the proportion of ceftrixone 
that was resistant to other antibiotics, Cefruoxime, 
Amoxiclave and Ciprofloxacin respectively; while only 
3.1%, 3.1% and 3.6% were in the upper right-hand quarter 
of the graph representing the proportion that was sensitive 
between each pair of same compared antibiotics. 0%, 7.1% 
and 12.9% were in the lower right-hand quarter 
representing the proportion that was resistant to 
ceftrixone but sensitive to cefuroxime, amoxiclave and 

ciprofloxacin respectively, and 10.4%-11.5% and 10% of 
the isolates were in the upper-left hand quarter of the 
graph (sensitive to Ceftrixone but resistant to other three 
antibiotics respectively). This cross-resistance was also 
exist between Amoxiclave and Ciprofloxacin (76.2%) as 
shown in figure (6-4), while only 13.1% in the lower right-
hand quarter representing the proportion that was 
resistant to Amoxiclave but sensitive to Ciprofloxacin, and 
7.2% of the isolates were in the upper-left hand quarter of 
the graph (sensitive to Amoxiclave but resistant to 
Ciprofloxacin). left only 3.4% of isolates sensitive between 
both antibiotics in the upper right-hand quarter of the 
graph.   
                                                                                                
Resistance % vs. Quarter time:                                                                                              
Figures (7-10) shows resistance % (R %) versus quarters 
time of study period, most of gram positive and gram 
negative strains kept high resistance rate to the main 
antibiotics prescribed (Amoxicalve, ceftrixone and 
ciprofloxacin) with slight decrease over sequential quarter 
periods observed in both wards when draw a trendlines, 
same isolates were more resistance to Gentamicin  than 
Amikicin. Interestingly, most gram positive and gram 
negative isolates exhibited persistent resistance in both 
wards to Sulphamethexazole/trimethoprim despite 
infrequent use of this antibiotic in the study.         
 
Resistance Profile:                                                                                                                         
This analysis result studying the multi-resistant pattern of 
the isolates to the antibiotics used or tested. In each table 
of antimicrobial resistance profile, the column profile 
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(using one-letter antibiotic codes), and the column 
resistant profile (using three-letters antibiotic codes), 
these columns indicate the multi-resistance pattern of the 
isolates. The profiles indicate the number and percentage 
of isolates were either resistant, or sensitive to drug/s. 

Completely susceptible isolates appear to the top of the 
listing followed by isolates non-susceptible to one drug, 
then two drugs then the three drugs. Multiresistant strains 
appear to the bottom of the listing. 
                                                                  

 
Figure 5: Scatterplots show antibiotics cross-resistance among Gram-positive isolates in study hospital wards                
fig (5-1) CRO vs. CXA (N = 129), fig (5-2) CRO vs. AMC (N = 110), fig (5-3) CRO vs. CIP (N = 130) fig (5-4) AMC vs. CIP (N = 107) 
 

   
 

 
 
Figure 6: Scatterplots show antibiotics cross-resistance among Gram-negative isolates in study hospital wards                        (fig 6-1) CRO vs CXA 
(N = 318)  (fig 6-2) CRO vs AMC (N = 295) (fig 6-3) CRO vs CIP (N = 309)  (fig 6-4) AMC vs CIP ( N = 290). 
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We tested the phenotype of E. coli for gram negative and S. 
aureus for gram positive to represents each stain as they 
constitutes the most frequent organisms isolated. We 
combined the GIT and urology wards isolates and tested 
them against the three main antibiotics used during the 

study period, Amoxiclave (A), Ceftrixone (C) and 
Ciprofloxacin (P). Approximately 58.6% of E.coli and 50% 
of S. aureus were drug resistance to the three different 
classes, and only 2.55% & 1.79% of E.coli and S. aureus 
respectively were sensitive to them (tables 4 &5).  

 
Table 4: Antimicrobial resistance phenotypes of  E.coli organisms in GIT & urology wards when tested quarterly over study period.   
(Phenotype A = Amoxiclave, C= Ceftrixone, P= Ciprofloxacin, All other = All other phenotypes where is no complete interpretation 
possible).                 

 
Table  5: Antimicrobial resistance phenotypes of S. aureus organisms in GIT & urology wards when tested quarterly over study period.    
(Phenotype A = Amoxiclave, C= Ceftrixone, P= Ciprofloxacin, All other = All other phenotypes where is no complete interpretation possible). 

 
Out of Staphylococcus aureus isolated from GIT ward 
during the first year of the study (May 2008-May 2009), 25 
isolates were found to be Methicillin-resistant 
Staphylococcus aureus (MRSA). Almost all MRSA strains 
were resistance to Methicillin, 96% to Ofloxacin, 92% to 

Pencillin G, 24% to Amikacin and 4% to Vancomycin. 
Cross-resistance was obviously detected. To interpret 
antibiotic patterns of MRSA more precisely, cross-
resistance of those isolates to the five antibiotics were 
calculated and presented in Table 6.                                                              

                                                               
Table 6: Cross-resistance of MRSA to the 5 tested antibiotics.                                                                                           

 

Phenotyp
e 

No of 
Patients/  
Isolates 

Percentages 
Patients/ 
Isolates 

Q2-08  
(4/2008-
6/2008 ) 

Q3-08 
(7/2008-
9/2008 ) 

Q4-08 
(10/2008-
12/2008 ) 

Q1-09 
(1/2009-
3/2009 ) 

Q2-09 
(4/2009-
6/2009 ) 

Q3-09 
(7/2009-
9/2009 ) 

Q4-09 
(10/2009-
12/2009 ) 

Q1-10 
(1/2010-
3/2010 ) 

Q2-10 
(4/2010-
62010 ) 

 4 2.55%    0.64% 1.91%     
A 3 1.91%      1.27% 0.64%   

C 2 1.27%  1.27%        

P 1 0.64%      0.64%    

AC 13 8.28%   0.64% 1.91% 0.64% 1.27% 1.27%  2.55% 

A  P 8 5.10%  0.64% 0.64%  0.64% 1.27% 1.27%  0.64% 

CP 10 6.37%   1.27% 1.27% 0.64% 0.64% 0.64% 1.27% 0.64% 

ACP 93 58.60% 0.64% 0.64% 5.73% 3.82% 4.46% 7.01% 10.83% 13.38% 12.10% 

All other 24 15.29% 1.91%  1.27% 2.55%  2.55%  1.91% 3.82% 

ALL 158 100.00% 2.55% 2.55% 9.55% 10.19% 8.28% 14.65% 14.65% 16.56% 19.75% 

Phenotype No of 
Patients/  
Isolates 

Percentages 
Patients/ 
Isolates  

Q2-08  
(4/2008-
6/2008 ) 

Q3-08 
(7/2008-
9/2008 )  

Q4-08 
(10/2008-
12/2008 ) 

Q1-09 
(1/2009-
3/2009 ) 

Q2-09 
(4/2009-
6/2009 ) 

Q3-09 
(7/2009-
9/2009 ) 

Q4-09 
(10/2009-
12/2009 ) 

Q1-10 
(1/2010-
3/2010 ) 

Q2-10 
(4/2010-
62010 ) 

 2 1.79%  0.89%  0.89%      
A 2 1.79%       0.89%  0.89% 

C 3 2.68%     0.89% 0.89%   0.89% 

P 1 0.89%  0.89%        

AC 9 8.04% 3.57%   0.89% 0.89%  0.89%  1.79% 

A  P 1 0.89%    0.89%      

CP 11 9.82%   1.79% 1.79% 5.36% 0.89%    

ACP 57 50.00% 9.82% 2.68% 4.46% 1.79% 16.96% 8.04% 0.89% 0.89% 4.46% 

All Other 30 24.11% 6.23% 6.23% 1.79% 0.89% 4.45%  1.79% 2.67% 0.89% 

ALL 116 100.00% 19.62% 10.69% 8.04% 7.14% 28.56% 9.82% 4.47% 3.56% 8.93% 

Percentage of isolates resistant to 
 

Antibiotic VAN OFX AMK PEN MET OXA 

2.9 68.6 17.1 71.4 71.4 
 

OXA 

2.9 85.7 17.1 94.3 
 

71.4 MET 

5.7 85.7 17.1 
 

94.3 71.4 PEN 

0 17.1 
 

17.1 17.1 17.1 AMK 

2.9 
 

17.1 85.7 85.7 68.6 OFX 

 
2.9 0 5.7 2.9 2.9 VAN 
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Discussion: 
 Sudan is one of many developing African countries 
suffering from emergence of resistance,[13] thus 
surveillance is an important and integral part in controlling 
resistance, and local and national surveys to identify, 
monitor, and study the epidemiology of the emergence and 
spread of resistance isolates are needed [14] . Whonet 5 is a 
computer software that accumulate and analyze enormous 
laboratory microbiological data from the hospital 
microbiology laboratory and recognized as a surveillance 
tool. Our results confirm that high rates and endemic with 
multi-drug resistance strains which often spread over the 
hospital GIT and urology surgical wards. The high 
resistance rate of gram positive and gram negative isolates 
to antibiotic panel tested in our hospital laboratory may be 
due to the misuse and free access to antibiotic in 
community. High resistance in our hospital surgical wards 
had been evaluated as a result of nursing practices and 
unnecessary prophylactic administration of antibiotics in 
surgery [15-17] .The sequential introduction of various 
antibiotic classes and extensive β-lactamase antibiotic use 
in the study hospital wards could explain multidrug 
resistance. [18-19] . The absence of such a rapid decrease in 
resistance was, at least partly, the result of cross-resistance 
to multiple antibiotics, where an antibiotic belonging to 
one class may become prone to resistance that is 
commonly known for drugs belonging to one or more 
unrelated classes. This is a result of genetic linkage of 
resistance determinants that encode resistance to multiple 
classes of antibiotics. This can be clearly explained by 
scatteplot graphs (Figures 5& 6) which is useful in both 
description of molecular mechanisms of resistance as well 
as in detection of the unusual or impossible phenotypes 
suggestive of possible errors (i.e. such comparisons is 
useful in studying mechanisms of resistance and quality 
assurance by finding unusual resistance phenotype. High 
rates of cross resistance could be explained as the high 
prevalence of multi-drug plasmids and transposons found 
in the nosocomial strains of various bacterial genera in the 
study hospital. The strains harboring these plasmids can 
survive in the hospital environment and become the best 
candidates for selection of resistant mutants under the 
pressure of antibiotics.      
                                                                                                         
On the other hand this cross-resistance was 
overwhelmingly dominant throughout different study 
periods, this is indicated by the persistent multi-resistance 
profile and absence of significant decrease in antibiotic 
resistance among most of the quarter periods for gram 
positive and gram negative species (Figures 7-10). For 
instance, we know that resistance genes to several 
antibiotic classes may be contained in gene cassettes. So 
the absence of such a rapid decrease in resistance was at 
least partly as a result of genetic linkage of resistance 
determinants that encode resistance determinants that 
encode resistance to multiple classes of antibiotics. 20 As 
novel antimicrobial resistance mechanisms that emerge 
during one quarter period may persist during the following 
quarter's periods, so organisms that are resistant to one 
drug are more likely to become resistant to others even 
when it is not in use as we seen in the resistance for 
trimethoprim among G+ve and G-ve bacteria.  

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 [21-23].  Alarming levels of  methacillin 
resistance S.aureus (MRSA) isolates were detected  in GIT 
ward during the study and it is well known that MRSA 
characteristically are multi-drug resistant strains [24]. High 
incidence of cross-resistance of MRSA noticed in this 
survey may indicate that different resistance mechanisms 
are involved in resistance of MRSA to different classes of 
antibiotics. Therefore, every isolates of MRSA should be 
considered potentially multi-drug resistant with respect to 
its clonal selection and transferring of isolates to the other 
hospitalized patients [25].      
Results of resistance profile have additional uses that they 
reflect processes in bacterial populations that are moving 
between patients, and whether the isolate phenotypes 
changes overtime quarterly.     In table 3, accumulating 
mutations, genes, plasmids for E. coli was observed 
towards the sequential quarters and achieved the 
maximum (19.75%) at the last quarter (Q-2 10), while S. 
aureus did not shows clearly the same observation of 
accumulating traits (table 4).                                                     
The WHONET software has the ability to move the results 
from inaccessible paper files or incompatible computer 
files into a common file format. Paper records can be 
analyzed but only by expanding great effort on each 
analysis and repeated analyses of many types are needed 
and this obstacle can be overcome by using WHONET. 
WHONET has the ability to analyze 335 species of 
organisms totally and 7 groups of organisms (for example 
'All gram positive and gram negative organisms') in 6 
different analysis types [7]. This software also is useful in 
supplying current guidelines, protocols to local 
laboratories, in identifying the clusters of resistant isolates 
and emerging outbreaks. Use of WHONET software may 
aid the local laboratory in networking efficiently with the 
national reference laboratory, in developing guidelines for 
use of antimicrobial agents and review the same 
periodically, in studying the effect of antimicrobial control 
programs on resistant bacteria, to network efficiently with 
international bodies such as WHO, NCCLS etc. The data 
generated by the electronic network are valuable for the 
development of hospital or even ward-based guidelines, 
which could eventually, replaced the country wide general 
guidelines [9].       
                                                                                 
 WHONET is also being used for research studies,  and 
association of these  data and confirmation with molecular 
and epidemiological studies will facilitate understanding 
the public health significance of the various biological 
phenomena. Moreover, through these surveillance studies, 
carefully selected representative strains possessing 
particular phenotypic resistance pattern can be referred to 
specialized laboratories for more detailed genetic and 
biochemical studies, and further understating of the 
complex epidemiology of the phenomenon.26                                               
 The main obstacles of using WHONET that the resistance 
test results in many places still is that recorded in paper 
and also the lack of prepared users. Different knowledge 
bases are needed to fully interpret and use the information 
in our country medical centres.                                                                                          
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Conclusion:                                                                                                          
The use of WHONET analysis in the study hospital showed 
that high resistant rates with multidrug resistant 
phenotypes. Extensive surveillance studies needed to be 
conducted to detect the resistance rates in other hospitals. 
The WHONET software addresses the obstacle of hospital 
laboratories that have only paper data files which is 

difficult to be analyzed and export these data to electronic 
files easily analyzed and monitored format. Cumulative 
analysis of surveillance data obtained from different 
hospitals supported with investigation in genetic and 
molecular mechanism may help in formulating health 
polices and control measures at various levels to confront 
this major public health problem. 

References: 
1.O'Brien TF, del Pila Pla M, Mayer KH, et al. 
Intercontinental spread of a new antibiotic resistance gene 
on an epidemic plasmid. Science 1985; 230:87-8. 
2.Magiorakos A, Srinivasan A, Carey A.B, et al. Multidrug-
resistance, extensively drug-resistant and pan drug-
resistant bacteria: an international expert proposal for 
interim standard definitions for acquired resistance. Clin 
Microbiol Infect 2011; 10:1-14. 
3.Boucher HW, Talbot GH, Bradley JS et al. Bad bugs, no 
drugs: no ESKAPE! An update from the Infectious Disease 
Society of America. Clin Infect Dis 2009; 48:1-12. 
4.Vatopoulos A.C, Kalapothaki V, Legakis NJ. Bacterial 
resistance to ciprofloxacin in Greece: Results from the 
national electronic surveillance system. Emerging 
Infectious Disease 1999; 5:471-76. 
5.O'Brien TF, Hopins JD, Gilleece ES, et al. Molecular 
epidemiology of antibiotic resistance in salmonella from 
animal and humans beings in the United States. N Engl J 
Med 1982; 307: 1-6. 
6.World Health Organization: WHO global strategy for 
containment of antimicrobial resistance: 2001. 2; 
WHO/CDC/CSR/DRS. 
7.World health Organization: WHONET5 Microbiology 
Laboratory Database Software: 1999. 1; WHO/CSR/DRS. 
8.O'Brien TF, Eskildsen MA, Stelling JM, Using internet 
discussion of antimicrobial susceptibility database for 
continuous quality improvement of testing and 
management of antimicrobial resistance. Clin Infec Dis 
2001; 33 (Suppl): S118-23. 
9.Stelling J.M, O'breien T. F. Suroveillance of antimicrobial 
resistance: the WHONET program. Clin Infect Dis, 1997; 24 
(Suppl 1): S157-68. 
10.Collee JG, Duguid JP, Fraser AG, Marmion BP, Mackie, 
MacCartney. Practical Medical Microbiology, 14th Ed., vol. 2, 
(Churchill and Livingstone, Edinburg) 1996; 131-148 and 
166-69. 
11.National Committee for Clinical Laboratory Standards. 
Performance standards for antimicrobial    disc 
susceptibility tests. Approved standard M2-A6, 6th ed. 
Wayne, PA: NCCLS, 1999. 
12.2Manual on antimicrobial resistance and susceptibility 
testing. Division of emerging and other communicable 
diseases surveillance resistance monitoring programme. 
EHO, Geneva Sept. 1997. 
13.Salah I. Kheder, Idris Eltayeb, Sania A I Shaddad, Esam 
Kheder. Impact of Antibiotic cycling Policy in Antimicrobial 
Resistance in, Two Sudanese Surgical Wards Settings: 
Prospective Longitudinal Interventional Study. Journal of 
pharmaceutical and Biomedical Sciences 2011; 5(7) : 1-10. 
14.Report of American Society for Microbiology Task Force 
of Antibiotic Resistance. Washington: American Society of 
Microbiology; 1995. P. 1-23. 

1. 15.Abdullah M. Zaki, Salah I. Kheder . Attribute and 
Preference of Doctors at Primary Health Care Centers in 
Khartoum State towards Antibiotic Prescribing. Khartoum 
Pharmacy Journal, 2011; 14 (1): 6-10.  

2. 16.Salah I. Kheder, Idris Eltayeb, Sania A I Shaddad. 
Evaluation of Hand Hygiene Adherence by Health  Care 
Workers in a Secondary Sudanese Hospital Setting. Sudan 
Medical Monitor 2011; 6 (1) 7-12. 

3. 17.Salah I. Kheder, Idris Eltayeb, Sania A I Shaddad, Isam 
AlKhedir.  Optimizing Antimicrobial Drug Use in Surgery: 
An Intervention Strategy in a Sudanese Hospital to Combat 
The emergence of Bacterial Resistance. Sudan JMS 2011; 6 
(4): 239-50. 

4. 18.Salah I. Kheder, Idris Eltayeb, Sania A I Shaddad, Esam 
Kheder. Effect of antibiotic rotation protocol on the 
development of hospital acquired infections in hospital 
surgical          units in Sudan. Sudan Medical Monitor 2010; 5 
(4) 165-73. 

5. 19.Salah I. Kheder. Cephalosporin Usage and Resistance 
Trend in a Sudanese Hospital Surgical Wards. Journal of 
pharmaceutical and Biomedical Sciences 2011; 11(9) : 1-6.  

6. 20.Salah.I. Kheder . Antibiotic Utilization and Prescribers 
Adherence measurements in a Sudanese Hospital Settings 
after Introducing Antibiotic Policy . Sudan Medical Monitor  
2011; 6 (1) 39-48.  

7. 21.Abdullahi Nur Hassan, Dya Eldin M. Elsayed & 
Mohamed Mahjoub (2007) Uropathogens and thier 
antibiotic resistance patterns. Sudan Medical Monitor, 2, 
51-54. 

8. 22.Alsadig Mohammed Abdallah. Resistance of Pathogenic 
Bacteria to Antibiotics in use in Hospitals and Community. 
Council of Biological Sciences, New Technologies and 
Environment Tropical Medicine Programmes Khartoum, 
2007. Sudan Academy of Sciences, SAS 

9.  23.Sandiumenge Alberto, Diaz Emili, Rodriguez Alejandro, 
Vidaur Loreto, Canadell Laura, Olona Montserrat, Rue 
Montserrat & Rello Jordi (2006) Impact of diversity of 
antibiotic use on the development of antimicrobial 
resistance. 
24.Salah Ibrahim Kheder, Nagala A. Ali, Ahmed Ibrahim 
Fatherlrhman. Prevalence and Antimicrobial Susceptibility 
Pattern of Methicillin Resistance Staphylococcus in a 
Sudanese Surgical Ward. Pharmacology & Pharmacy 
Journal 2012; 3 (1) 1-6.  
25.Japoni A, Ziyaeyan M, Jmalidoust M, et al. Antibacterial 
susceptibility patterns and cross-resistance of methicillin 
resistance and sensitive Staphylococcus aureus isolated 
from the hospitalized patients in Shiraz, IRAN. Brazilian 
Journal of Microbiology 2010; 41: 567-73. 
26.Vatopoulos A.C, Kalapothaki V, Legakis NJ, et al. An 
electronic network for the surveillance of antimicrobial 
reistance in bacterial noscomial isolates in Greece. Bulletin 
of the World Health Organization 1999, 77 (7): 595-601.  



 Kheder I Salah. / JPBMS, 2012, 16 (18)  
 

10                                                                                                     Journal of Pharmaceutical and Biomedical Sciences (JPBMS), Vol. 16, Issue 
16 

 
Conflict of interest:-None 
Source of funding:- Not declared 
 
*Corresponding author: 
Salah Ibrahim Abd Alrhman Kheder., 
Ph.D Pharmacology, 
National college of Medical & Techenical sciencies– Pharmacy program 
Khartoum – Sudan,3783 Khartoum,Telphone : 00249912358223,Fax : 00249187557868 

 

 

 
Quick Response code (QR-Code) 
for mobile user to access JPBMS 
website electronically. 

 
Website link:- www.jpbms.info 


