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Abstract
Background: Multidrug-resistant Escherichia coli (MDR E. coli) has become a major public health concern in Sudan and
many countries, causing failure in treatment with consequent huge health burden.
Objectives: To determine the prevalence and susceptibility of  MDR E. coli isolated from patients in hospitals at Khartoum
State.
Methods: Between May to August 2011, E. coli (n = 232) isolated from clinical specimens, identified, tested their antimicrobials
susceptibility and screened for extend spectrum â-lactamase production as per standard methods.
Results: Of the 232 E. coli isolates, the majority were from urine (65.1%). MDR E. coli were present in 214 (92.2%).  Of
these, the resistance rates were recorded to: amoxicillin 97.7%, cefuroxime 92.5%, trimethoprim-sulfamethoxazole 88.3%,
tetracycline 77.1%, nalidixic acid 72%, ceftriaxone 64%, ciprofloxacin 58.4%, ofloxacin 55.1%, amoxicillin-clavulanate 50.4%,
ceftazidime, gentamicin 35% each, nitrofurantoin 22.4%, chloramphenicol, tobramicin 18.2% each and amikacin 1.9%.
Overall MDR E. coli, 53.3% were resistant to > 7 antimicrobial agents and ESBL was detected in 32.7%. Isolates from males
were more resistant than those from females (p < 0.05).
Conclusions: Drug-resistance surveillance and epidemiological analysis of  patient data is need periodically and can be
informative for appropriate management of antimicrobial resistance.
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Introduction
Escherichia coli (E. coli) is a common pathogen linked
with community-associated as well as nosocomial
infections1,2. In the last few years, the emergence and
wide dissemination of E. coli strains showing
resistance to broad-spectrum of antimicrobial agents
has been reported1,3,6. 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 bacteria3-7. According to the European
Centre for Disease Prevention and Control (ECDC)
and the Centers for Disease Control and Prevention
(CDC), multi-drug resistant (MDR) is defined as
non-susceptibility to at least one agent in three or

more antimicrobial categories4.  MDR bacteria are
the principal cause of failure in the treatment of
infectious diseases, resulting in increases in the term
and magnitude of  morbidity, higher rates of
mortality, and a greater health cost burden9,10.
However, recently researchers have been investigated
the activity of non-antimicrobial agents such as
proanthocyanidin to prevent MDR bacterial
infections29.

Multi-drug resistant E. coli are widely
distributed in hospitals and are increasingly being
isolated from community. Thus, it is urgent need to
find out new antimicrobial agents8,10,11.  However,
new families of antimicrobial agents have a short
life expectancy11. Several monitoring programmes
have been initiated to generate baseline data about
the prevalence of MDR in different bacterial species,
including E. coli 8,12. Many studies from Europe7 and
USA6,13 have investigated MDR among E. coli isolates.
Most bacterial isolates from Asian and African
countries have shown high MDR rates14-18. In Sudan,
limited data are currently available on the prevalence
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of MDR amongst significant bacterial isolates19,20.
The aims of  this study were to determine the
prevalence and antimicrobials susceptibility of MDR
E. coli collected from clinical specimens of patients
in different hospitals in Khartoum State. It also,
investigates the possible differences in antimicrobial
resistance of E. coli isolated from a various type of
clinical specimens in relation to the patient sex, age
and settings

Methods
Isolates
Between May to August 2011, E. coli (n = 232) were
isolated from clinical specimens of patients at
different teaching hospitals in Khartoum State, Sudan.
The participating hospitals were: Khartoum Teaching
Hospital, Khartoum North Educational Hospital,
National Health Laboratory, Omdurman Teaching
Hospital, Soba University Hospital and Turkish
Teaching Hospital.
E. coli were isolated from patient clinical specimens
including urine, wound pus, high vaginal swabs, Ear
discharges, blood, stool, semen and miscellaneous
body fluids after  following conventional
procedures21. Significant bacterial growth was
included in this study and they were identified on
the basis of cultural characteristics, gram stain and
conventional biochemical tests22 then confirmed by
API 20E identification system (Biomerieux Marcy-
I’Etoile, France). When confirmed as E. coli, the
isolates were preserved at -70 ºC in tryptic soy broth
containing 20% sterile glycerol. The database of each
specimen source and patient sex, age and setting were
recorded.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing of E. coli isolates
was performed on Muller-Hinton agar plate (Oxoid,
Basingstoke England) by the Kirby-Bauer disk
diffusion method following the Clinical and
Laboratory Standards Institute- (CLSI)23. The
antimicrobial agents which were tested  from
different categories (Table 1) including: amikacin
(30μg), amoxicillin (10μg), amoxicillin-clavulanate
(30μg), ceftazidime (30μg), ceftriaxone (30ìg)
cefuroxime (30μg),  chloramphenicol (30μg),
ciprofloxacin (5μg), gentamicin (10μμg), nalidixic acid
(30μg), nitrofurantoin  (50μg), ofloxacin  (5μg),
tetracycline (30μg), tobramicin (10μg) and
trimethoprim-sulfamethoxazole (25μg) (Oxoid,
England). E. coli ATCC 25922 was used as control

strains and was tested each time when susceptibility
testing was performed. Test results were only
validated in the cases where inhibition zone diameters
of  the control strains were within performance
ranges in accordance to guidelines23. Resistant and
intermediate results were considered as non-
susceptible4. MDR E. coli was defined as non-
susceptibility to at least one agent in three or more
antimicrobial categories4.

Extend spectrum â-lactamase
production
All E. coli isolates recognizing reduced susceptibility
to ceftazidime and ceftriaxone they were screened
for ESBLs production by the double-disk synergy
test according to CLSI recommendations23.
In this test, the organism is swabbed onto a Mueller-
Hinton agar plate. A susceptibility disk containing
amoxicillin-clavulanate is placed in the center of the
plate, and disks containing ceftazidime and
cefotaxime are placed 30 mm (center to center) from
the amoxicillin-clavulanate disk. A clear extension of
the edge of the inhibition zone of cephalosporin
towards amoxicillin-clavulanate disk is interpreted
as positive for ESBL production24.

Statistical analysis
All outcome data were analyzed using Statistical
Package for Social Sciences (SPSS; Version10.0). The
differences between resistance patterns of E. coli
strains were determined using Independent samples
T-Test and One-Way Analysis of  Variance (ANOVA).
All p-values were based on 2-tailed tests of
significance where p < 0.05 is considered statistically
significant.         

Results
The prevalence of E. coli recovered from various
clinical specimens (232) collected from different
hospitals in Khartoum State is shown in Figure 1.
Urine (65.1%) and wound (22%) specimens
represented the majority of  specimens. The isolates
were obtained from all aged groups: 138 (59.5%)
were females and 94 (40.5%) were males. Of  the
total number of isolates, 180 (77.6 %) were obtained
from adult patients.
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Figure 1: Prevalence of E. coli (n = 232) recovered from various clinical specimens collected from
hospitals in Khartoum State
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Antimicrobial resistance rates and multidrug-
resistant phenotypes
Of the 232 isolates tested, MDR E. coli were present
in 214 (92.2%).  Of these 32.7 % were found to be
ESBL producer. Antimicrobial resistance patterns of
the 214 MDR E. coli isolates against 15 antimicrobial
agents is shown in table 1. High resistance rates were
observed to amoxicillin (97.7%), cefuroxime (92.5%),
trimethoprim-sulfamethoxazole (88.3%), tetracycline

(77.1%), nalidixic acid (72%) and ceftriaxone (64%).
Moderate resistance rates were observed to
ciprofloxacin (58.4%), ofloxacin (55.1%), amoxicillin-
clavulanate (51.4%), ceftazidime and gentamicin
(35% each). Lower resistance rates were observed
for nitrofurantoin (22.4%), chloramphenicol and
tobramicin (18.2% each). Resistance to amikacin was
uncommon (1.9%).

Table 1: Antimicrobial resistance pattern among E. coli (n = 214) isolated from different hospitals
in Khartoum State, Sudan

Antimicrobial                  Hospital                                                 Overall agent
and  category*            Khartoum     KNH    NHL    Omdur     Soba     Turkish        antimicrobial
                                     (n= 68)      (n=32)   (n=11)    man        (n= 42)   (n=26)         resistance (%)
                                                                                 (n= 35)
Penicillins
Amoxicillin           98.5          96.9       100       97.1         97.6        96.2 97.7
Penicillins + â-lactamase inhibitors
Amoxicillin-CA                 47.1          56.3       36.4      57.1      52.4       53.8                51.4
Nom-extend spectrum cephalosporins; 1st and 2nd  generation
Cefuroxime          92.6 93.8        90.9      100         88.1        88.5                 92.5
Extend-spectrum cephalosporins; 3rd generation
Ceftriaxone           73.5           59.4       45.5     71.4        59.5         50                   64
Ceftazidime 51.5           18.8       18.2      40         23.8         30.8                  35
Quinolones
Ciprofloxacin         57.4           68.8       81.8     51.4        50           61.5                  58.4
Nalidixic acid         70.6           81.3       90.9     62.9    69.0         73.1                 72
Ofloxacin               55.9           62.5       63.6     51.4      45.2          61.5                 55.1
Folate pathway inhibitors
SXT            92.6          81.3       90.9     94.3       83.3          84.6                 88.3
Tetracyclines
Tetracycline                       82.4           68.8       72.7     91.4       64.3          76.9                 77.1
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Continuation of table 1

Antimicrobial                  Hospital                                                 Overall agent
and  category*            Khartoum     KNH    NHL    Omdur     Soba     Turkish        antimicrobial
                                     (n= 68)      (n=32)   (n=11)    man        (n= 42)   (n=26)         resistance (%)
                                                                                 (n= 35)
Aminoglycosides
Amikacin                              1.5           3.1       0          0              4.8           0                1.9
Gentamicin            35.3        31.3      9.1       37.1          40.5        38.5               35
Tobramicin                  19.1    9.4     36.4      17.1          11.9        30.8            18.2
Phenicols
Chloramphenicol           32.4          18.8       0        17.1          4.8 11.5             18.2
Nitrofurans
Nitrofurantoin           26.5          18.8    27.3      28.6          16.7         15.4             22.4
 * Adapted from Magiorakos et al. (2011).
KNH = Khartoum North Hospital; NHL = National Health Laboratory;   CA = Clavulanate;
SXT =   Trimethoprim-sulfamethoxazole

Frequency of  antimicrobial resistance pattern
of E. coli by hospitals
The frequencies of MDR E. coli isolated from
different hospitals in Sudan are shown in Figure 2.
The resistance rates of isolates to ceftazidime,
ceftriaxone and chloramphenicol were significantly
higher (p < 0.05) in Khartoum hospital than other
hospitals. The resistance rates of  isolates to
ciprofloxacin and ofloxacin were found significantly
higher in Khartoum and Khartoum North than Soba

and Omdurman hospitals (p < 0.05) (table 1). But
the resistance rates for nitrofurantoin, tetracycline,
trimethoprim-sulfamethoxazole, were found
significantly higher in isolates from Khartoum and
Omdurman hospitals than isolates from Soba and
Khartoum North hospitals (p < 0.05). The resistance
rates of isolates to gentamicin were found high in
Soba hospital but low resistance rates were observed
to chloramphenicol (table 1).

Figure 2: Distribution of MDR E. coli (n = 214) isolated from different hospitals in Khartoum state
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Frequency of MDR E. coli according to the
number of drug resistance
The frequency of MDR to 3, 4, 5, 6, 7 and more
than 7 of  total 15 antimicrobial agents were 15
(7.0%), 17 (7.9%), 13 (5.6%), 23 (10.7%), 33 (15.4%)

and 114 (53.3%), respectively. Of  the 92.2% MDR
isolates, the most prevalent patterns were resistance
to more than 7 (114; 53.3%), followed by 7 (33;
15.4%) and 6 (23; 10.7%) of antimicrobial agents

(figure. 3).
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Figure 3: Frequency of MDR E. coli (n = 214) according to its resistance to three or more
antimicrobial agents

Frequency of  antimicrobial resistance pattern
of E. coli by sex and age
Table 2 shows the resistant pattern of  the 214 MDR
E. coli isolated from males and females. Isolates from
males were showed higher resistance rates than those
from females to ceftazidime (p = 0.023), ceftriaxone
(p = 0.004), chloramphenicol (p = 0.005), nalidixic
acid (p = 0.002),   ofloxacin (p = 0.024), tetracycline
(p =0.006) and trimethoprim-sulfamethoxazole (p
= 0.02). In contrast, resistance rates to nalidixic acid

and ofloxacin were higher in females than males
isolates (table 2).
Distribution of MDR E. coli according to age
showed no statistical differences between adults and
children were observed to the most antimicrobial
agents. However, there were significant differences
observed in two antimicrobial agents ciprofloxacin
(p = 0.02) was higher in adults and chloramphenicol
(p = 0.047) was higher in children (table 2).

Table 2: Antimicrobial resistance (%) among E. coli (n = 214) isolated from different hospitals in
Khartoum state in relation to patient’s sex and age

Antimicrobial agent             Sex                 Age
Male         Female      p. value     Adult            Child p. value
(n= 89)      (n= 125)    (n= 168)         (n=46)

Amikacin           1.1       2.4         0.499          1.8                2.2 0.864
Amoxicillin                       96.6      98.4              0.400           97               100 0.238
Amoxicillin-clavulanate      48.3     53.6        0.448           51.8                50 0.831
Ceftazidime         43.8     28.8        0.023           35.7              32.6                0.697
Ceftriaxone                      75.3 56      0.004        63.7              65.5              0.849
Cefuroxime         95.5     90.4        0.163           93.5              89.1 0.326
Chloramphenicol         27     12        0.005           15.5              28.3                  0.047
Ciprofloxacin                  50.6      64                 0.050        62.5               43.5 0.020
Gentamicin        38.2    32.8        0.417           34.5                37                0.761
Nalidixic acid 60.7           80     0.002        75                 60.9              0.059
Nitrofurantoin        24.7    20.8        0.500           22.6              21.7                0.900
Ofloxacin                     46.1          61.6      0.024        58.3              43.5 0.073
Tetracycline        86.5    70.4        0.006           77.4              76.1                0.854
Tobramicin                  21.3    16       0.320            19         15.2                 0.553
Trimethoprim-sulfame-    94.4      84        0.020           87.5               91.3                 0.479
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Discussion
The present study showed that the prevalence of
MDR among E. coli isolates was higher (92.2%) in
comparison to previous study carried out in Sudan19.
These authors recorded 58% MDR E. coli isolated
from urinary tract infections in the year 2000.  In this
study, the prevalence of  MDR E. coli isolates is similar
to those reported in south America3, but relatively
higher than those reported in neighboring countries
such as 87% in Egypt15 and 74.6% in Ethiopia14 and
other countries as 83.9% in Nigeria16 and 74% in
Saudi Arabia17.   Furthermore, our findings are much
higher compared to those reported in Europe1 and
USA6.

In this study, there are high resistance rates of
MDR E. coli isolates to the first-line oral antimicrobial
agents such as amoxicillin, cefuroxime, trimethoprim-
sulfamethoxazole, tetracycline nalidixic acid and
amoxicillin-clavulanate These findings represent
alarming increased rates in resistant E. coli are
comparable to other studies in Sudan19  and
elsewhere3,6,25.

Resistance to fluoroquinolones varies
geographically and is an emerging problem in both
developed and developing countries.13,28. In the
present study, MDR E. coli isolates showed relatively
high resistance rates to ofloxacin and ciprofloxacin.
This has been hypothesized to be related to the
inappropriate use of fluoroquinolones for humans2.
Also, prolonged use of  low dose of  the more potent
fluoroquinolones such as ciprofloxacin has been
shown to be the most significant risk factor for
acquisition of resistance27.

Whilst the third-generation cephalosporins
such as ceftriaxone and ceftazidime have been used
to treat gram-negative bacterial infections of various
body sites5,25, the current study showed high levels
of resistance to second and third generation
cephalosporins. A possible explanation for the high
resistance found might be the presence of ESBL in
these strains 18.   Since ESBL mediated resistance to
wide range of antimicrobial classes 8,18, it is important
that routine screening of ESBL in clinical isolates is
carried out to prevent widespread of resistant isolates
in our hospitals.
Like studies elsewhere 7,15,25, our  MDR E. coli isolates
were found to be effective against aminoglycoside
agents. Amikacin appears to have wider range of
activity than tobramicin, gentamicin and other tested
antimicrobial agents. The explanation for amikacin
is probably the fact that these are very powerful drugs
used only in hospital settings and not as first-line

therapy.  Therefore, they have lower selective pressure
due to their restricted use25.

The emergence of E. coli isolates with
different MDR phenotypes, involving co-resistance
to three or more unrelated families of antimicrobial
agents, has been previously reported by others and
is considered a serious health concern1,3,6. Similar to
reports by others 3,7,16, the current study expressed
high resistance rates to different classes of
antimicrobial agents. Almost our MDR E. coli isolates
were found to be multi-resistant to the commonly
used antimicrobials agents of amoxicillin,
cefuroxime, trimethoprim-sulfamethoxazole
tetracycline, and nalidixic acid. These resistance
profiles were common and could be accounted for
by a number of known acquired resistance genes3.
Since proanthocyanidin is a non-antimicrobial agents
used for the prevention of urinary tract infection
caused by susceptible E. coli strains via inhibiting P-
fimbriated adhesion to uroepithelial cells30. Recently,
Gupta et al.29 have been observed that
proanthocyanidin prevent also adhesion of most
MDR E. coli strains to the uroepithelial cells.

In the present study, MDR E. coli  from
Khartoum hospital had high resistance rates to most
of  the antimicrobial agents. Also, our report showed
a variable difference in antimicrobial resistance of
MDR E. coli between each hospital in Khartoum
State. MDR may vary according to geographical
regions. Although previous use of  antimicrobials may
be involved in the regional differences of
antimicrobial resistance, consider other factors such
as the patients’ characteristics or sampling bias and
the social and geological factors that attribute to this
variation of MDR as previously described26. Large-
scale, local studies, hospital and departmental data,
therefore, are required to understand drug resistance
in each setting.

In the current study, MDR E. coli isolates from
males were more likely to have resistance to
antimicrobial agents than those from females. Similar
findings have been described worldwide6,7,13,25. The
resistance pattern was somewhat affected in gender,
but that definitely depended on the site of infection25

and clinical parameters of the population
investigated26.
No statistical differences (p = 0.249) were found in
antimicrobial resistance between adults and children.
Similar results were reported by Boyd et al. (2008).
However, it is important to emphasize on the high
prevalence of fluoroquinolones resistance in isolates
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from children which is not recommended for
treatment of  pediatric patients.

Conclusion
This study concluded that MDR E. coli is escalating
in Khartoum State (92.2%) compared to previous
surveys (58%). Multiple resistances to antimicrobial
drugs among E. coli isolates complicate therapeutic
management of  infections. Drug-resistance
surveillance and epidemiological analysis of  patient
data is needed periodically and can be informative
for appropriate management of antimicrobial
resistance. Understanding the molecular basis of
resistance acquisition and transmission can contribute
to the development of new strategies to combat
this phenomenon.
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