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ABSTRACT:
Objective: To assess common clinically significant isolates and determine their antimicrobial
susceptibility patterns.
Design: A retrospective study for bacterial isolates from clinical sources including urine, pus, blood
and cerebrospinal fluid. Bacterial susceptibility testing was done by the standardized disk agar diffu-
sion technique.
Setting: The study has utilized microbiology laboratory records in the governmental hospitals of Gaza
Strip, Palestine (11 hospitals with 1376 beds) during four different months (January, April, July and
October, 2003).
Subjects: A total of 2844 isolates (924 Gram positive and 1920 Gram negative) were scrutinized.
Results: The resistance of Staphylococcus aureus was 73.2% to amoxycillin and 1.8% to vancomycin.
For Streptococcus pneumoniae, 40.4% was resistance to penicillin and 7.4% to erythromycin.
Conclusions: The increasing resistance of organisms indicates that periodic monitoring and possibly
modification of empirical therapy are required.
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INTRODUCTION

Worldwide, emergence of antibiotic resis-
tance in all kinds of pathogenic bacteria is a
serious public health issue1-3. It is associated
with greater hospital mortality and longer du-
ration of hospital stay4, thereby increasing
health care costs5. Also, colonization and in-
fection with antibiotic-resistant bacteria will

make the therapeutic options for infection
treatment, extremely difficult or virtually im-
possible in some instances6,7.

There are many reasons for this alarming
phenomenon, including increasing antibiotic
use and misuse in humans, animals and agri-
culture, clustering and overcrowding, in-
creased elderly population and poor infection
control strategies2,8.

The most common organisms which are lead-
ing cause of infections are E. coli, coagulase-
negative staphylococci, Klebsiella spp., Staph.
aureus, Pseud. aeruginosa, Acinetobacter spp. and
Enterococcus spp9,10.

Increasing resistance to penicillin and cepha-
losporins has become an important issue for
one of the most prevalent causes of Gram-posi-
tive infection, Streptococcus pneumoniae11,12. On
the other hands, the emergence of vancomy-
cin-resistant Staph. aureus and Enterococcus spp.
has became a major challenge for clinicians
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treating in many areas of the world6,13. How-
ever, among Gram-negative bacteria, E. coli,
has become highly resistant to ampicillin and
cotrimoxazole in many countries such as the
US and Canada14, China9 and Egypt3. Also,
high resistance of Pseud. aeruginosa was
recorded in Korea to ceftazidime and
gentamicin15.

Knowledge of local antimicrobial resistance
patterns from accurate bacteriological records
of culture results may provide guidance
towards an empirical therapy before sensitiv-
ity patterns are available. The current study
was conducted to determine the common clini-
cally significant isolates in Gaza Strip and the
antimicrobial susceptibility patterns of these iso-
lates to help policy makers formulate strate-
gies for the rational and effective use of anti-
microbial agents.

METHODOLOGY

This is a cross-sectional study for bacterial
isolates from clinical sources including urine,
pus (wounds exudate and ear discharge), blood
and cerebrospinal fluid (CSF) and their anti-
bacterial susceptibility to the antibiotics tested
during the year 2003. The study has utilized
microbiology laboratory records and analyzed
the susceptibilities of all the 16 common clini-
cal bacterial isolates (2844) collected in the gov-
ernmental hospitals of Gaza Strip (11 hospi-
tals with 1376 beds) during four different
months (January, April, July and October,
2003). All specimens were cultured on appro-
priate media. Significant growth was identi-
fied biochemically and serologically in a sys-
tematic way according to standard methods16.
Gram negative bacilli and entercocci were iden-
tified to species level by using API 20E and API
32 strips, respectively. Staphylococci were iden-
tified by catalase, coagulase, novabiocin,
D’Nase and Staph latex tests. Presumptive
identification of pneumococci was based on
colony morphology, alpha-hemolysis and sus-
ceptibility to optochin. Bacterial susceptibility
testing was done by the disk diffusion method
according to Kirby-Bauer method17 following
the NCCLS assessment criteria18.

Bacterial inocula were prepared by suspend-
ing the freshly grown bacteria in 4-5 ml sterile
0.85% saline and the turbidity was adjusted to
that of a 0.5 McFarland standard. The inocu-
lum suspension was spread in three directions
on a Mueller Hinton agar plate surface with a
sterile swab (except for Streptococcus sp., blood
agar plates were used). Filter paper disks con-
taining designated amounts of the antimicro-
bial drugs obtained from commercial supply
firms (Sanofi Diagnotic Pasteur) were used.

The antimicrobial disks tested for all isolates
were: amoxycillin, 25µg; cephalexin, 30µg;
cefuroxime, 30µg; ceftriaxone, 10µg; doxycy-
cline, 30 UI; ciprofloxacin, 5µg and
cotrimoxazole, 1.25-23.75µg. Also cloxacillin,
1µg; penicillin, 10 U; erythromycin, 15µg and
vancomycin, 10µg were tested against Gram
positive bacteria. On the other hands, gentami-
cin, 30µg and amikacin, 30µg were tested
against Gram negative bacteria and nalidixic
acid, 30µg was used only against Gram nega-
tive uropathogens. The plates were incubated
aerobically at 37°C for 18-24 hours.

The patient populations and bacteriological
methods used did not change during the study
period and the samples did not include mul-
tiple isolates from the same patient. The age of
the patients and other demographic informa-
tion were recorded inconsistently and this in-
formation was thus not included in the data
analysis.

All laboratories tested each organism using
the same reagent and antibiotic disks. Con-
trolled strains (Staph.  aureus ATCC 29213, En-
terococcus faecalis 29212, E. coli ATCC 25922
and Pseud. aeruginosa 27853) were included
routinely every week for quality control. For
data analysis, antibiotic resistance included
combined, intermediate and resistant results.
Statistical analysis was carried out by using a
statistical software package (SPSS).

RESULTS

The 7722 samples collected during the four
study months yielded 2844 (36.8%) positive cul-
tures of bacterial growth. Among the different
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pathogenic isolates, 469 (16.5%) were detained
from outpatients and 2375 (83.5%) from hos-
pitalized patients. The positive samples
(n=2844) were cultured from urine (49.2%),
pus (39.2%), blood (8.4%) and CSF (3.2%)
specimens. Gram-positive cocci contributed
924 (32.5%) isolates and Gram-negative bacilli
accounted for 1920 (67.5%) isolates. The
most frequently identified pathogens were
E. coli (32.3%) followed by Staph. aureus
(19.8%), Pseud. aeruginosa (9.3%), Klebsiella
pneumoniae (8.6%) and Proteus mirabilis (8.5%)
{Table-I}.

The isolated Gram-negative bacteria showed
wide differences in their susceptibility to the
tested antimicrobial drugs {Table-II}. The re-
sistance to amoxycillin was 80.1% among E.
coli and 50.9% among Haemophilus influenzae.
A high resistance rate to cotrimoxazole was
reported among Acinetobacter haemolyticus
(70.6%). However, E. coli resistance to amikacin

was only 3.0%. The highest resistance to
amikacin was observed among Pseud.
aeruginosa (8.3%).

Among Gram-positive isolates, Staph. aureus
resistance to vancomycin was 1.8%. Also, it was
73.2%, 13.8% and 11.7%, to amoxycillin,
ceftriaxone and erythromycin, respectively.
The resistance of Strep. pneumoniae to
amoxycillin and penicillin was 61.4% and
40.4%, respectively. The lowest resistance was
to erythromycin (7.4%){Table-III}.

In vitro activities of 12 different antibiotics
against the bacterial isolates is illustrated in
Table-IV. The resistance rates were high among
both Gram positive and negative isolates.
Resistance to ceftriaxone and ciprofloxacin
was higher among Gram positive than Gram
negative bacteria. On the other hand, resistance
to amoxycillin and cephalexin was higher
among Gram negative than Gram positive
bacteria.

Table-I: Frequency of bacterial pathogens isolated from different specimen

Isolates Urine Pus Blood CSF Among all
specimens

no. (%) no. (%) no. (%) no. (%) no. (%)

Gram-negative
E. coli 798 (57.0) 81 (7.3) 33 (13.8) 6 (6.6) 918 (32.3)
Klebsiella pneumoniae 168 (12.0) 60 (5.4) 13 (5.4) 0 (0.0) 246 (8.6)
Proteus mirabilis 129 (9.2) 109 (9.8) 5 (2.1) 0 (0.0) 243 (8.5)
Pseudomonas aeruginosa 81 (5.8) 168 (15.1) 6 (2.5) 9 (9.9) 264 (9.3)
Enterobacter cloacae 54 (3.9) 29 (2.6) 4 (1.7) 0 (0.0) 87 (3.1)
Acinetobacter haemolyticus 27 (1.9) 22 (2.0) 2 (0.8) 0 (0.0) 51 (1.8)
Citrobacter freundii 13 (1.0) 5 (0.4) 0 (0.0) 0 (0.0) 18 (0.7)
Neisseria meningitis 0 (0.0) 0 (0.0) 3 (1.2) 18 (19.8) 21 (0.8)
Serratia marcescens 3 (0.2) 7 (0.6) 5 (2.1) 0 (0.0) 15 (0.5)
Haemophilus influenza 0 (0.0) 14 (1.2) 10 (4.2) 32 (35.2) 51 (1.8)
Morganella morgani 6 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 6 (0.2)

Gram-positive
Staph. aureus 5 (0.4) 534 (47.9) 25 (10.5) 0 (0.0) 564 (19.8)
Staph. epidermidis 0 (0.0) 0 (0.0) 114 (47.7) 0 (0.0) 114 (4.0)
Staph. saprophyticus 63 (4.5) 0 (0.0) 0 (0.0) 0 (0.0)   63 (2.2)
Enterococcus faecalis 52 (3.7) 69 (6.2) 5 (2.1) 0 (0.0) 126 (4.4)
Streptococcus  pneumoniae 0 (0.0) 17 (1.5) 14 (5.9) 26 (28.5)   57 (2.0)

Total 1399 (100.0) 1115 (100.0) 239 (100.0) 91 (100.0) 2844 (100.0)
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Table-II: Resistance rates (%) of Gram-negative bacilli to antibiotics

Isolates                                                                                       Antimicrobial agent

AMX% CP% CU% CRO% G% AK% DO% NA% CIP% CO%

E. coli 80.1 20.8 15.2 11.8 13.4 3.0 59.7 17.6 9.1 58.5
Klebsiella pneumoniae 93.1 27.2 16.7 13.4 21.1 6.5 62.6 21.1 12.6 63.0
Proteus mirabilis 81.5 25.9 17.3 15.2 19.7 5.8 57.2 23.5 16.0 63.0
Pseud. aeruginosa 95.4 89.1 84.6 14.8 26.1 8.3 64.8 58.8 17.8 69.7
Enterobacter cloacae 83.9 31.0 24.1 16.1 23.0 6.9 58.6 20.7 14.9 64.4
Acinet. haemolyticus 96.1 39.2 29.4 17.6 31.4 7.8 66.7 31.4 17.6 70.6
Citrobacter freundii 94.4 27.8 16.7 11.1 16.7 5.5 44.4 22.2 16.7 61.1
Neisseria meningitis 76.2 28.6 19.0 9.5 19.0 4.8 66.7 NT NT NT
Serratia marcescens 73.3 26.7 20.0 13.3 13.3 0.0 66.7 20.0 6.7 60.0
Haemophilus influenza 50.9 29.4 17.6 13.7 19.6 3.9 58.8 NT NT NT
Morganella morgani 83.3 33.3 16.7 16.7 16.7 0.0 66.7 33.3 16.7 66.7

NT, not tested.
AMX, Amoxycillin; CP, Cephalexin; CU, Cefuroxime; CRO, Ceftriaxone; G, Gentamicin; AK, Amikacin; DO, Doxycycline;
NA, Nalidixic acid; CIP, Ciprofloxacin and CO, Cotrimoxazole.

Table-IV: Resistance of antimicrobial agents tested

Drug                                       Gram-negative                                Gram-positive                                Combined isolates
No.* % No. % No. %

P NT NT 384 41.5 384 41.5
AMX 1611 83.9 679 73.5 2290 80.5
CP 501 26.1 199 21.5 700 24.6
CU 330 17.2 170 18.4 500 17.6
CRO 254 13.2 135 14.6 389 13.7
G 348 18.1 NT NT 348 18.1
AK 94 4.9 NT NT 94 4.9
DO 1163 60.6 617 66.8 1780 62.6
NA 390 21.1 NT NT 390 21.1
CIP 228 12.3 151 16.3 379 13.7
E NT NT 111 12.0 111 12.0
CO 1145 62.0 633 68.5 1778 64.1
VA NT NT 13 1.5 13 1.5

* No.=Number of resistant isolates NT, not tested.

Table-III: Resistance rates (%) of Gram-positive cocci to antibiotics

Isolates                                                                                       Antimicrobial agent

P% AMX% CP% CU% CRO% DO% CIP% E% CO% VA%

Staph. aureus 38.9 73.2 19.1 17.5 13.8 65.8 16.1 11.7 68.4 1.8
Staph. epidermidis 51.7 83.3 28.1 21.0 17.5 69.3 19.3 17.5 73.7 0.0
Staph. saprophyticus 48.5 71.4 20.6 13.1 11.1 68.3 14.5 12.0 65.4 0.0
Enter. faecalis 42.1 72.2 24.7 22.6 17.5 72.1 18.2 10.3 69.6 3.2
Strep. pneumoniae 40.4 61.4 26.4 17.3 14.0 58.9 11.3   7.4 60.3 0.0

NT, not tested.
P, Penicillin; AMX, Amoxycillin; CP, Cephalexin; CU, Cefuroxime; CRO, Ceftriaxone; DO, Doxycycline; CIP, Ciprofloxacin;
E, Erythromycin; CO, Cotrimoxazole and VA, Vancomycin.
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DISSCUSSION

In this study, the positive bacterial cultures
in descending order were isolated from urine,
pus, blood and CSF specimens {Table-I}. Simi-
lar rates were reported in some countries such
as China9 and Ghana19.

The most frequently identified pathogens
causing infections was E. coli followed by
Staph. aureus and Pseud. aeruginosa. This is in
the range that is reported in other countries
such as China9 Egypt3 and Israel10.

It must be pointed that the comparative
results of studies concerning resistance to dif-
ferent antimicrobial agents should take into ac-
count the periods when they were conducted
and the various clinical parameters of the tar-
get population. Moreover, the comparison must
consider the limitation of resistance to antimi-
crobials, which can vary from country to
country.

Antimicrobial resistance among Gram-nega-
tive bacilli in this study was notable. E. coli
resistance to amoxycillin was 80.1%, 58.5% to
cotrimoxazole, 9.1% to ciprofloxacin and 3.0%
to the amikacin. These resistance profiles were
less than that reported from Egypt3. The high
resistance rates of E. coli may be due to the
mechanism that involve alternations in the
outer membrane protein and in the antibiotic
efflux system in the cell membrane20.

Concerning the antimicrobial susceptibility
patterns among Gram-positive isolates, the re-
sults show that vancomycin resistance of Staph.
aureus and Enterococcus faecalis was 1.8% and
3.2%, respectively {Table-III}. However, many
studies worldwide recorded no resistance to
this agent among Staph. aureus isolates and
increased resistance among Enterococcus
faecalis3,9. The reason that a relatively large
number of Staph. aureus and Enterococcus
faecalis vancomycin-resistance are being iso-
lated in Gaza Strip needs to be further investi-
gated.

The high rate of resistance to penicillin among
Strep. pneumoniae (40.4%) in this study is con-
sistent with many authors3,21,22. Whereas, lower
prevalence was reported from other cen-

ters12,23,24. Therefore, the rising rates of resis-
tance in Strep. pneumoniae afford this patho-
gen a major impact on the ability to treat some
infections.

The results of this study show decreased sus-
ceptibility to many antimicrobial drugs used
for empiric treatment of infections in Gaza
Strip, especially amoxycillin, cotrimoxazole,
doxycycline and penicillin. This high rate of
resistance is likely due, in part, to the selective
pressure resulting from the uncontrolled, un-
wise and frequent administration of those
drugs and by antimicrobial agent policy that
permits an easy access of the Palestinian health
centers to those agents. This is also associated
with the relatively low cost of these antimicro-
bial agents. Therefore, amoxycillin,
cotrimoxazole, doxycycline and penicillin
should no longer be prescribed for treatment
unless susceptibility tests prove otherwise.

The low resistance to amikacin and erythro-
mycin in this study among Gram- negative and
Gram-positive bacteria, respectively suggest
that they may still be useful for the treatment
of infections by these organisms. However, no
antibiotic is a miraculous magic wand against
resistant bacteria.

In summary, the resistance to many antimi-
crobial agents of various isolated pathogenic
bacteria is very common in Gaza Strip. Our
results implicate that antibiotic resistance in
Palestine need to be monitored closely. A na-
tional strategy on the limited and prudent use
of antibiotics is urgently needed to slow the
emergence of antibiotic resistance.
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