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Objectives: To compare the resistance pattern of common
bacterial pathogens to commonly used drugs.

Methods: Information and statistics of antimicrobial
resistance for 1994 and 2005 were collected from the
3 hospital microbiology laboratories in the United
Arab Emirates. The resistance patterns of Staphylococcus
aureus, Escherichia coli, Klebsiella spp, and Pseudomonas
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aeruginosa to several front-line drugs were estimated.
All laboratories used automatic machines (Vitek 2),
which identifies and determines minimum inhibitory
concentrations simultaneously.

Results: Increased resistance was observed for
Staphylococcus aureus, (n=315, 2005) to erythromycin
(approximately 6 fold, Al-Ain Hospital only), cloxacillin
(Al-Ain Hospital), and gentamicin (more than 3-10 folds
in all hospitals). Increased penicillin resistance was not
observed. For the common Gram-negative organisms,
there was a high resistance to ampicillin, gentamicin,
ceftriaxone, ciprofloxacin, and imipenem, which seemed
to increase for Escherichia coli, (by 4.2-200%, n=305,
2005); however, there was very little resistance to
imipenem (0.4%) in Tawam Hospital. Variable resistance
patterns were obtained for Pseudomonas aeruginosa
(n=316, 2005) and Klebsiella spp,(n=316, 2005) against
aminoglycosides, cephalosporins, ciprofloxacin, and
norfloxacin.

Conclusion: Overall, there was an obvious increase in
resistance of bacteria and the prevalence rate to a number
of drugs from 1-120 folds during the 11-year period.
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he discovery of penicillin and its indiscriminate
usage has resulted in the development of resistant
microorganisms, and this is a matter of great concern
in patient care, both in hospitals and the community.?
Now virtually all strains of Staphylococcus aureus (S.
auerus) are resistant to penicillin and many other
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antibiotics. The organism was also sensitive to
methicillin, but the emergence of methicillin resistance
among clinical isolates has aggravated the problem even
further. Methicillin-resistant S. aureus (MRSA) is a
major cause of nosocomial, and lately also, community
acquired infections. Unfortunately, most MRSA are
now resistant to aminoglycosides and rifampicin in
many countries.>* Resistance to fluoroquinolones is
rapidly emerging in clinical isolates of S. aureus’ and
Pseudomonas aeruginosa (P aeruginosa)®” but various
Enterobacteriaceae, especially Klebsiella pneumoniae
(K. pneumoniae) has also been observed to be resistant.
The introduction of newer cephalosporins such as,
cefotaxime and ceftazidime has improved our ability
to treat serious infections caused by Gram-negative
pathogens. However, increased use of these agents has
been followed by the emergence of resistance. Klebsiella
spp (K. spp.) have generally been susceptible to the
third-generation cephalosporins but since 1983 strains
of K. pneumoniae, Escherichia coli (E. coli), and other
Gram-negative bacteria that make extended-spectrum
or inducible -lactamase have been described from
many parts of the world.®!°

Surveillance of antimicrobial resistance has been
reported in many countries, including developed''* and
developing countries.'*"” Antimicrobial resistance, in
the 80’s had been shown to be higher in the developing
world than the developed world."® Trimethoprim
resistance among pathogenic Gram-negative bacteria
was 64% in South India,” 63.3% in Nigeria® and
49.1% in South Africa,?! while the level of resistance
was only 14-19% in Finland** and 23% in Scotland.”
The resistance trend for trimethoprim has continued to
increase in India, at least being 70-80% for E. coli for
the year 1997-1999% when compared to the early 80%."
A similar increase in resistance was reported in South
Africa, but to a lesser extent; it increased to 52% of the
isolates.” Similarly, there was an increase in resistance
patterns in Scotland, being 26-50% of the isolates.”?
In Finland, the resistance of E. coli to trimethoprim has
increased to 40% from 14-19% in the early 1980’ or
late 1970’2

Very few studies have been carried out in the United
Arab Emirates (UAE): One was in a referral hospital,®
while the other was in the same 3 hospitals.”” Therefore,
the aim of the present study was to determine the
changes in the patterns of resistance to antimicrobials
of the 4 common pathogens, namely: S. aureus, K. spp.,
E. coli, and P aeruginosa in 3 different hospitals in the
UAE for the years 1994 and 2005.

Methods. Three different hospitals in the UAE were
chosen for this study. The Dubai Hospital (DH) is
found in Dubai city, whose population is approximately

1,100,000 people, while the other 2, Al-Ain and Tawam
Hospitals are found in Al-Ain, a city of approximately
400,000 people, and situated approximately 150 km
from Dubai. The DH and Al-Ain Hospital are large
with a capacity of 293 and 461 beds, while the Tawam
Hospital has 415 beds. The DH and Al-Ain Hospitals
cater for both nationals and expatriate staff in the UAE
with a predominance of expatriates, while the Tawam
Hospital caters mostly for nationals of the UAE.

The S. aureus, E. coli, K. spp., and P aeruginosa were
selected for retrospective studies involving antimicrobial
resistance analysis. For each organism, all the clinical
isolates tested in the diagnostic laboratory during the
years of study, 1994 and 2005 were included. The
number of organisms tested varied greatly but were
not less than 265 for each antibiotic (Tables 1-4). The
laboratory data available on the organisms and drugs
tested were copied on specially prepared sheets for ease
of analysis. All laboratories used automatic machines
(Vitek 2, bioMérieux, France), which identifies and
determines minimum inhibitory  concentrations
(MIC) simultaneously. Previously, Al-Ain and Tawam
Hospitals have used standard disc diffusion techniques
for antimicrobial susceptibility testing according to the
National committee for Clinical Laboratory Standards
(NCCLS, 1995).%° For each organism, only clinically
useful drugs were analyzed. A count of resistant isolates
were made and expressed as a percentage of the number
tested and reported as the “resistance rate”.

This study was approved by the Ethical Committee
of the United Arab Emirates University.

Results. The resistance rates of S. awureus to 6
commonly used antimicrobials are shown in Table 1.
Increased resistance was observed for S. aureus (Table 1)
to erythromycin (approximately 6 fold, Al-Ain Hospital
only), but declined in Tawam and DH. Similarly,
increased resistance was observed for cloxacillin (Al-Ain
Hospital), but no change was observed for Tawam and
DH. Increase in resistance was observed for gentamicin
(more than 3-10 folds in all hospitals), but hardly any
change in resistance to penicillin in Al-Ain and Tawam
Hospitals. Penicillin was not used against S. aureus in
DH since it is no longer used against this organism. The
resistance to fusidic acid increased from 0.7-30.1% in
Al-Ain and 11-21.5% in Tawam Hospitals while it was
not tested in 2005 in DH.

The E. coli resistance rates are shown in Table 2. The
organism was highly resistant to ampicillin in 1994 with
the rates varying between 58-89%, but the resistance
increased for the 2 hospitals (Al-Ain and Tawam) in
2005, but declined in DH in 2005. The organism was
however, more sensitive to augmentin (amoxicillin +
clavulanicacid) in 1994 in Al-Ain Hospital, the resistance
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Table 1 - Antibiotic resistance rates for Staphylococcus aureus isolates.

Table 2 - Antibiotic resistance rates for Escherichia coli isolates.

Antibiotics ~ Al-Ain Hospital Tawam Hospital ~Dubai Hospital Antibiotics ~ Al-Ain Hospital Tawam Hospital Dubai Hospital
1994 2005 1994 2005 1994 2005 1994 2005 1994 2005 1994 2005
(442) (316)  (450)  (483) (382) (318) (342)  (305) (382) (732)  (566) (318)
Penicillin 99.5 98.4 94 95.7 77 - Ampicillin 69 83.6 58 64.2 89 65
Erythromycin 6.2 35.7 13 8.3 4 2 Augmentin 10 61.6 - 26.8 —
Cephalothin 4 -—e- 1 - 0 - Cotrimoxazole 50 66.2 42 - 26 45
Gentamicin 6.2 61.4 7 6.4 0 3 Norfloxacin 0.9 79.4 4 - —
Cloxacillin 3.3 43.6 0 - 0 0 Ciprofloxacin 2.7 41.3 - 211 ——m e
Fusidic Acid 0.7 30.1 11 21.5 6 - Gentamicin 3 27.9 6 10 0 10
---- Not tested, () average no. tested Ceftriaxone 0 62 - 15.8 0 18
Imipenem 0 35.7 - 0.4 —

Table 3 - Antibiotic resistance rates for Klebsiella spp. isolates.

Antibiotics ~ Al-Ain Hospital Tawam Hospital Dubai Hospital
1994 2005 1994 2005 1994 2005

(348)  (316) (390) (265  (444)  (605)

Ampicillin 88.5 98.9 100 100 92.1 -
Augmentin 8.1 505 18 14.3 19 -
Cotrimoxazole - 457 12 - 23 30
Norfloxacin 0 775 4 - 3 -
Ciprofloxacin 48 294 3 8.7 0 .
Amikacin 56.7 2 5.8 0 2
Gentamicin 3 287 8 8.2 3 18
Ceftriaxone 0 49.1 - 9.3 2 20
Imipenem 0 298 0 0.7 ---- ----

---- Not tested, () average no. tested

rate in Tawam Hospital in 2005 was 26.8% while it
was not tested in DH. There was very little resistance
to imipenem in Tawam Hospital in 2005, but increased
in 2005 in Al-Ain Hospital. Similar resistance pattern
was observed for norfloxacin, gentamycin, ceftriaxone,
cotrimoxazole, and ciprofloxacin (Al-Ain Hospital).
The rates and patterns of resistance of K. spp. are
shown in Table 3. This organism showed a higher rate of
resistance to all the 9 antimicrobials tested. However, in
all 3 hospitals, the levels of resistance to ampicillin were
higher and not much different from 1994. Similarly
to Al-Ain Hospital, the pattern of resistance in Tawam
Hospital was similar except for imipenem, for which the
organism was highly susceptible. The resistance pattern
for DH varied ranging from 23-30% for cotrimoxazole,
3-18% for gentamicin, and 2-20% for ceftriaxone. The
organism remained susceptible to amikacin in Tawam
and DH, but resistance increased in Al-Ain Hospital.
Table 4 shows the resistance pattern of P aeruginosa to
10 antimicrobials. While this organism was sensitive to
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---- Not tested, () average no. tested

Table 4 - Antibiotic resistance rates for Pseudomonas aeruginosa isolates.

Antibiotics ~ Al-Ain Hospital ~Tawam Hospital Dubai Hospital
1994 2005 1994 2005 1994 2005

(442)  (316) (450)  (408)  (382)  (328)

Amikacin 4.7 21.4 4 15.2 2 3
Gentamicin 13.9 47.6 11 27.5 10 3
Netilmicin 4.9 87.5 - --- 10 3
Ceftriaxone 34.8 97 .4 - - 16 -
Norfloxacin 25 97.7 14 -—-- - -
Ciprofloxacin 0.8 97.4 8 379 e e
Piperacillin - 35.4 7 231 10.9 5
Aztreonam - 31.9 10 32.4 13 10
Ceftazidime 0.7 19.4 10 163 0 5
Imipenem 1.4 23 8 158 - -

---- Not tested, () average no. tested

ciprofloxacin in 1994, in 2005 this organism had nearly
become completely resistant to the drug in Al-Ain
Hospital while the resistance increased from 8-37.9%
in Tawam Hospital. As the resistance to piperacillin
and aztreonam increased in Tawam Hospital, it
decreased in DH. This organism showed resistance to
all the drugs tested namely; amikacin (except in DH
where it was still sensitive), gentamicin (except in DH
where it declined), Netilmicin (except in DH where it
became more sensitive), norfloxacin, ceftazidime, and
imipenem. In addition, in Al-Ain Hospital, ceftriaxone
resistance increased from 34.8% in 1994 to 97.4% in
2005, a worrying trend.

Discussion. In this study we selected S. aureus,
E. coli, K. spp., and P aeruginosa, as 4 pathogens that
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commonly cause disease in hospitals to represent the
bacterial resistance rates and changes during an 11-year
period. These hospitals are located in 2 different cities,
and the results would indicate whether the changing
pattern of resistance was either localized (Tawam or Al-
Ain) or wide spread. As can be seen from the presented
data, the resistance patterns of the 4 organisms to
antimicrobials differ. This difference is due to many
differentreasons, including the methods of antimicrobial
susceptibility testing and interpretation of the results.
This is also influenced by the proportion of outpatient
to inpatient strains in the different hospitals and by
differences due to faster development of resistance in one
area than in another. The S. aureus showed maximum
resistance to penicillin, a very well established fact
today that nearly all hospital-associated S. aureus strains
are resistant to penicillin. However, the resistance was
lower in DH. The reason for this unusual low resistance
rate was approximately 70% as 260/372 in 1991 and
271/382 in 1994 of the isolates were from outpatients
residing in rural areas, which were more sensitive to
penicillin. Resistance to erythromycin and gentamicin
was generally low, but an increase was apparent in Al-
Ain Hospital for the years 1994 and 2005. However,
there was no increased resistance to first generation
cephalosporins or cloxacillin except in Al-Ain Hospital,
which showed a 13-times increase. The reason for the
discrepancies between Al-Ain Hospital, and Tawam and
Dubai Hospitals were the number of expatriates, which
was much higher in Al-Ain Hospital than in Tawam
and DH, which could explain partly the sensitivity
of different antimicrobials. Another reason could be
that these antibiotics were used more often in Al-Ain
Hospital compared to DH and Tawam Hospitals. The
Tawam and DH have only locals as patients. Occasional
sporadic cases of MRSA strains were seen in these
hospitals. The increasing antimicrobial resistance of S.
aureus, and particularly the emergence of MRSA is a
major therapeutic problem.’"# In Kuwait, fusidic acid
resistance showed a much greater increasing trend than
in the UAE, with the proportions of resistance isolates
increasing from 22% in 1994 to 92% in 2004.%%
This is a worrying trend and a cause for concern to the
microbiologist and health professionals.

Although, E. coli was resistant to ampicillin in
Al-Ain and Tawam Hospital, the rate dropped in DH
during the 11 years. This may be due to the decrease in
its empirical use by practitioners in DH. The resistance
trend to augmentin in Al-Ain is similar for . coli and
Klebsiella, but the lower resistance rate for Klebsiella in
Tawam only, may be due to a more strict sensitivity
interpretation for this antibiotic in relationship to
other drugs tested. This criterion may not be strictly
followed by the other 2 laboratories. This indicates

that both organisms have developed their resistance
to ampicillin predominantly through beta-lactamase
production.” Cotrimoxazole resistance was higher for
E. coli than Klebsiella in all hospitals, and there was a
very large increase in resistance over the study period,
possibly reflecting higher antibiotic usage and misuse.
The low initial resistance rate of the 2 quinolones tested,
namely, norfloxacin and ciprofloxacin, which were a
recent introduction in 1994, indicated that they were
not extensively used, but the increased resistance shown
by both E. coli and K. spp. to the quinolones in Al-Ain
Hospital showed that these drugs were used more often
in this hospital than in Tawam and DH.

Klebsiella showed nearly 100% resistant rates to
ampicillin, as demonstrated by 1994 and 2005 strains.
Susceptibility of K. spp. to ceftriaxone, amikacin,
imipenem, and gentamicin have reduced, which is a bad
indicator of their continued usefulness in this country.
Imipenem was the most effective drug with hardly any
resistant strains in Tawam and DH while the organism
showed increased resistance in Al-Ain Hospital.

Pseudomonas aeruginosa is a clinically significant
pathogen and is responsible for the higher mortality
rate in various nosocomial infections such as, urinary
tract infections, pneumonias, septicemias, and surgical
wound infections.*® This organism is characterized
by intrinsic resistance to several antimicrobial agents,
but the development of resistance to agents generally
exhibiting potent antibacterial activity against this
organism, such as carbapenems and fluoroquinolones,
is being encountered with increasing frequency.””** In
this study, clinically isolates of P aeruginosa showed
resistance to most of the indicated antimicrobial agents,
though resistance rates declined in DH. Among the
aminoglycosides, resistance rates to amikacin increased
in both Al-Ain and Tawam Hospitals, which is worrying
thatresistance has more than trebled and quadrupled over
such a short period, while for gentamicin, resistance rate
of the organism decreased in DH, which is heartening in
a sea of despair. The greatest increase noted in resistance
by the organism was to ceftriaxone, ciprofloxacin, and
norfloxacin. However, these are not the drugs of choice
in Pseudomonas infections. Since its innate resistance
to many antimicrobials due to low outer-membrane
permeability combined with inactivation by an
inducible chromosomally encoded 3-lactamase,** the
range of f3-lactam antibiotics available for therapeutic
use is limited to carboxypenicillins, ureidopenicillins,
a few third-generation cephalosporins, monobactams,
and carbapenems. In the 3 hospitals tested in UAE, the
most effective drugs for empirical therapy would be
amikacin, piperacillin, ceftazidime, and imipenem.

In conclusion, the increase in the patterns of
resistance seen in this study is a common occurrence
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and is a universal phenomenon. There was general
agreement between the 3 hospitals as to the level of
resistance and trends of this change, though a more
favorable trend was seen in DH. Overall, there was
an obvious increase in resistance of bacteria and the
prevalence rate to a number of drugs from 1-120 folds
during the 11-year period. This difference over a period
of time is due to many different reasons, including the
methods of antimicrobial susceptibility testing and
interpretation of the results. This is also influenced
by the proportion of outpatient to inpatient strains in
the different hospitals and by differences due to faster
development of resistance in one area than in another.
The study has some limitations in that Tawam and
Al-Ain Hospitals have their own guidelines regarding
the use of antimicrobials, which are different to DH
guidelines and thus, there may be differences in the
MIC breakdown interpretation of the results even
though the Ministry of Health had introduced the UAE
Antibiotic Policy and Guidelines to their use in 1995.
Strict following of the antibiotic policy and guidelines
should go a long way to slow down the increase seen
in resistant microorganisms to the commonly used
antimicrobials.
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