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ABSTRACT

األهداف:  لتقييم مدى انتشار البكتريا السالبة اجلرام ومقاومتها 
العربية  اململكة  املكرمة -  احليوية مبستشفيات مكة  للمضادات 

السعودية.

الطريقة:  أجريت الدراسة مبستشفى النور التخصصي ومستشفى 
خالل  السعودية  العربية  اململكة   – املكرمة  مكة   - العام  حراء 
عدد  عزل  مت  2006م.  مارس  إلى  أكتوبر2005م  شهر  من  الفترة 
1137 بكتريا سالبة اجلرام )غير مكررة( من العينات اإلكلينيكية 
املعلومات  جمع  مت  مريض.    965 لعدد  اجلسم  أجزاء  مبختلف 
احليوية من  للمضادات  البكتريا وحساسيتها  وأنواع  الدمغرافية، 

السجالت الطبية واملعملية للمرضى. 

 )Escherichia coli( بكتريا  أن  النتائج  أوضحت  النتائج:  
وبكتريا )Pseudomonas aeruginosa( أكثر األنواع شيوعًا في 
 )31.2%( و   )31.6%( بلغت  حيث  اجلرام،  السالبة  البكتريا 
  Acinetobacter baumannii على التوالي. ثم يلي ذلك بكتريا
 ،Klebsiella sp ثم   ،Klebsiella pneumoniae ثم 
و   Proteus sp ثم   ،Haemophilus influenzae ثم 
Enterobacter sp.  بلغت النسب على التوالي )10.8%،8.3%، 
زيادة  النتائج  أظهرت  كما    .)1.9%،  3.3%،3.7%،6.2%
معدل مقاومة البكتريا السالبة اجلرام للمضادات احليوية املستعملة.  
احليوية  للمضادات  املتعددة  املقاومة  أن  الدراسة  أظهرت  وأيضا 

ضمن البكتريا السالبة اجلرام يعتبر شائعًا في هذه الدراسة.

خامتة:  أتضح من خالل الدراسة أن هناك زيادة في معدل مقاومة 
أخرى  مبناطق  مقارنة  احليوية  للمضادات  اجلرام  السالبة  البكتريا 
في دول العالم.  إّن تطبيق برامج املراقبة إجراء مهُم في إستراتيجية 
لهذه  احليوية  للمضادات  املقاومة  ظهور  زيادة  منع  في  التحكم 

النوع من البكتريا في املستشفيات.

Objectives: To estimate the prevalence and antibiotic 
susceptibility of the Gram-negative bacteria isolated 
from 2 hospitals in Makkah.

Methods: This study was undertaken in 2 main tertiary 
care hospitals namely; Al-Noor Specialist Hospital, 
and Hera Hospital in Makkah, Kingdom of Saudi 
Arabia from October 2005 to March 2006. A total 
of 1137 Gram-negative bacteria were identified in 
non-duplicate clinical specimens obtained from 965 
patients of various body sites infections. Demographic 
data, identity of microorganisms, and antimicrobial 
susceptibilities were obtained from medical and 
laboratory records.

Results: The most prevalent Gram-negative bacteria 
were Escherichia coli (31.6%), and Pseudomonas 
aeruginosa (31.2%), followed by Acinetobacter 
baumannii (10.8%), Klebsiella pneumoniae (8.3%), 
Klebsiella sp. (6.2%), Haemophilus influenzae (3.7%), 
Proteus sp. (3.3%), and Enterobacter sp. (1.9%). Results 
demonstrated that Gram-negative bacteria have a 
high rate of resistance to commonly used antibiotics. 
Furthermore, multi-drug resistance was also common 
in this study. 

Conclusion: Our data showed a high rate of resistance 
among Gram-negative pathogens in comparison with 
other countries in the world. The implementation 
of monitoring programs is an important part of 
the prevention strategy against the development of 
antibiotic resistance in hospitals.
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Antimicrobial resistance is a major global problem 
in both developing and developed countries.1 The 

emergence and spread of antimicrobial resistance has 
contributed to the morbidity, mortality, and increased 
health care costs resulting from treatment failures, and 
longer hospital stays.2 Significant geographical variation 
was seen in antibiotic susceptibility, probably reflecting 
differences in infection control procedures, and the 
level of antibiotic use. Surveillance and monitoring 
programs are helpful for the development of empirical 
approaches for the treatment of serious infections, as 
well as, prevention and control of infections caused 
by resistant microorganisms.3,4 Makkah is a city in the 
Kingdom of Saudi Arabia, and considered as the holiest 
city in Islam. Annually, Hajj pilgrimage attracts more 
than 2 million pilgrims to the city from 140 countries, 
in which many of the pilgrims are from the developing 
world, where particular diseases may be endemic. 
Moreover, approximately 10 million individuals visit 
Makkah all year round. This study aimed to estimate 
the prevalence, and antibiotic susceptibility of Gram-
negative bacteria isolated from 2 hospitals in Makkah, 
Kingdom of Saudi Arabia.

Methods. This prospective study was undertaken 
in 2 main tertiary care hospitals in Makkah; Al-Noor 
Specialist Hospital (560 beds), and Hera Hospital 
(263 beds) during a period of 6 months from October 
2005 to March 2006 (Ramadan 1426-Safar 1427 AH). 
A total of 1137 Gram-negative bacterial isolates were 
identified from 965 patients during the study period 
(only patients with completed data were included in the 
study). Demographic data (age, gender, nationality, type 
of infection, and ward of hospitalization) of patients 
with Gram-negative bacterial infection, and laboratory 
results of the clinical specimens of those patients (type 
of microorganisms, antimicrobial susceptibilities) were 
collected from the medical and laboratory records for 
each patient on a standardized collection form. During 
the study period, the isolates were collected from 
patients with different sites of infection, and identified 
using the standard routine microbiological methods 
including; morphology on culture media, gram-stained, 
and further identified using the API20E biochemical 
tests (Bio Merieux, Hazelwood, USA). Antimicrobial 
susceptibilities were performed in accordance with 
the Clinical and Laboratory Standard Institute (CLSI) 
guidelines. This study was approved by the local ethical 
committee in accordance with the Helsinki Declaration 
of 1975, as revised in 2000.

The results were statistically analyzed using the 
Statistical Package for Social Science software version 13 
(SPSS Inc., Chicago, IL., USA). Descriptive statistical 
tests were presented as frequency and percentages.

Results. During the study period, a total of 1137 
Gram-negative bacteria were identified in clinical 
specimens obtained from patients with various body 
site infections. The majority of Gram-negative bacteria 
were from Al-Noor Hospital (63%), of which 592 cases 
(52.1%) were male, and 545 (47.9%) female. The age 
of patients with Gram-negative infections ranged from 
infancy to more than 80 years old. Approximately, 
6.9% of cases were children under one year old, and 
the incidence increased to 20-28% in the age groups 
ranging between 20 and 80 years (Figure 1). Respiratory 
tract infections (RTI) were the most common infections 
caused by Gram-negative pathogens representing 396 
cases (34.8%), followed by urinary tract infections 
(UTI) (285 cases [25.1%]), wound infections (280 
cases [24.6%]), genital infections (75 cases [6.6%]), and 
septicemia (54 cases [5%]). The most prevalent Gram-
negative pathogens in this study were Escherichia coli (E. 
coli) (31.6%), and Pseudomonas aeruginosa (P. aeruginosa) 

Figure 1 - Distribution of the Gram-negative infections according to 
patient age.

Figure 2 - Identified pathogens of the Gram-negative bacteria during the 
study period.
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(31.2%), followed by Acinetobacter baumannii (A. 
baumannii) (10.8%), Klebsiella pneumoniae (K. 
pneumoniae) (8.3%), Klebsiella sp. (6.2%), Haemophilus 
influenzae (3.7%), Proteus sp. (3.3%), and Enterobacter 
sp. (1.9%) (Figure 2). Patients one year old and less 
were infected with a total of 81 Gram-negative 
pathogens in which E. coli was the most common 
isolated microorganism (42%) followed by P. aeruginosa 
(18.5%). On other hand, patients with age groups 
ranging from 41->80 were most commonly infected 
with P. aeruginosa, followed by E. coli, A. baumannii, 
and K. pneumoniae (Table 1). The male population was 
more often infected with P. aeruginosa representing 207 
episodes out of 592 (35%) followed by E. coli (149 
[25.2%]), and A. baumannii (81 [13.7%]). In contrast, 
E. coli was more predominant in the female population 
representing 210 out of 545 patients (38.5%), followed 

Table 1 - Frequency of Gram-negative pathogens according to patient's age groups.

Bacteria     <1 year    1-10 years   11-20 years   21-40 years   41-60 years   61-80 years   >80 years

Freq (%) Freq (%) Freq (%) Freq (%) Freq (%) Freq (%)  Freq (%)

Escherichia  coli, n=359 34 (42) 17 (30.9) 21 (30.4) 99 (36) 70 (29.4) 92 (28) 26 (28.9)

Klebsiella pneumoniae, n=94 6 (7.4) 2 (3.6) 2 (2.9) 20 (7.2) 25 (10.5) 29 (8.8) 10 (11.1)

Klebsiella  species, n=70 5 (6.2) 1 (1.8) 4 (5.8) 14 (5.1) 15 (6.3) 26 (7.9) 5 (5.6)

Pseudomonas aeruginosa, n=355 15 (18.5) 20 (36.4) 26 (37.7) 77 (28) 74 (31.1) 113 (34.4) 30 (33.3)

Acinetobacter baumannii, n=123 7 (8.6) 1 (1.8) 7 (10.1) 35 (12.7) 24 (10.1) 38 (11.5) 11 (12.2)

Proteus sp., n=37 2 (2.5) 3 (5.5) 5 (7.3) 6 (2.2) 4 (1.7) 13 (4) 4 (4.5)
Haemophilus influenzae, n=42 4 (4.9) 6 (10.9) 3 (4.4) 9 (3.3) 14 (5.9) 4 (1.2) 2 (2.2)

Enterobacter sp., n=22 3 (3.7) 1 (1.8) 0 (0) 9 (3.3) 5 (2.1) 3 (0.9) 1 (1.1)

Others, n=35 5 (6.2) 4 (7.3) 1 (1.4) 6 (2.2) 7 (2.9) 11 (3.3) 1 (1.1)

Total, n=1137 81 (100) 55 (100) 69 (100) 275 (100) 238 (100) 329 (100) 90 (100)

Others include: Moraxella, Morganella, Salmonella, Shigella and Citrobacter species (sp), freq - frequency

Table 2 - Frequency of Gram-negative pathogens according to hospital wards.

Gram-negative pathogens MSW MMW FSW FMW ICU Pediatric Obstetrics Urology OPD

  Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)   Freq. (%)

Escherichia coli, n=359   40 (11.1)   47 (13.1) 23   (6.4)   56 (15.6)   75 (20.9) 17   (4.7) 25 (7) 14 (3.9)   62 (17.3)
Pseudomonas aeruginosa, n=355    61 (17.2)   65 (18.3) 25 (7)   54 (15.2)  111 (31.3) 11   (3.2)   8 (2.3)    1 (0.3)   19   (5.4)
Acinetobacter baumannii, n=123   15 (12.2)   14 (11.4)   5   (4.1)     9   (7.3)   73 (59.3)   3   (2.4)   3 (2.4)   0 (0)      1   (0.8)
Klebsiella pneumoniae, n=94     8   (8.5)   20 (21.3)   9   (9.6)   15 (16)   20 (21.3)   1   (1.2)   1 (1.1)   2 (2.1)   18 (19.1)
Klebsiella sp., n=70     8 (11.4)    11 (15.7)   4   (5.7)   16 (22.9)   14 (20)  5   (7.1)   7 (10)   2 (2.9)     3   (4.3)
Haemophilus influenzae, n=42      1   (2.4)    11 (26.2)   0 (0)     5 (11.9)   15 (35.7)  7 (16.7)   3 (7.1)   0 (0)     0 (0)
Proteus sp., n=37     8 (21.6)     8 (21.6)   3   (8.1)     8 (21.6)     8 (21.6)   1   (2.7)   0 (0)   0 (0)      1   (2.7)
Enterobacter sp., n=22     5 (22.7)     3 (13.6)   5 (22.7)     2   (9.1)     3 (13.6)   1   (4.5)   2 (9.1)   0 (0)      1   (4.5)
Others, n=35     4 (11.4)     5 (14.3)   3   (8.6)     5 (14.3)   10 (28.6)  5 (14.3)   0 (0)   0 (0)     3   (8.6)
Total, n=1137 150 184 77 170 329 51 49 19 108

MSW - male surgical ward, MMW - male medical ward, FSW - female surgical ward, FMW - female medical ward, ICU -intensive care unit, 
OPD - out-patient department, Others include: Moraxella, Morganella, Salmonella, Shigella and Citrobacter species (sp), freq - frequency

by P. aeruginosa (148 [27.2%]), and K. pneumoniae (46 
[8.4%]). The distribution of Gram-negative pathogens 
by hospital wards is presented in Table 2. The E. coli 
and P. aeruginosa were the most common pathogens in 
most hospital wards. Most clinical isolates (329 out of 
1137 isolates) were identified in the intensive care unit 
where P. aeruginosa, E. coli, and A. baumannii were the 
most predominant pathogens. According to bacterial 
species in relation to clinical infections, the results 
exhibited that, 396 cases with RTI were caused by 3 
main bacterial pathogens; P. aeruginosa, A. baumannii, 
and K. pneumoniae. In cases with UTI, E. coli was the 
most frequently isolated, followed by P. aeruginosa, and 
K. pneumoniae. Similarly, E. coli and P. aeruginosa were 
the most common bacterial pathogens, causing wound 
infection. The E. coli was found mostly in patients 
with septicemia, and in female patients with genital 
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Table 3 - Distribution of Gram-negative pathogens according to the site of infection.

Gram-negative pathogens

Infections

UTI RTI Wound 
infection Septicemia Female genital 

infection Other infections

Frequency (%)

Escherichia coli, n=359 162 (56.8) 38 (9.6) 96 (34.3) 19 (35.2) 40 (53.3) 4 (8.5)

Pseudomonas aeruginosa, n=355 46 (16.1) 169 (42.7) 96 (34.3) 16 (29.6) 11 (14.7) 17 (36.2)

Acinetobacter baumannii, n=123 8 (2.8) 78 (19.7) 24 (8.6) 7 (13) 5 (6.6) 1 (2.1)

Klebsiella pneumoniae, n=94 27 (9.5) 39 (9.9) 17 (6.1) 6 (11.1) 3 (4) 2 (4.3)

Klebsiella sp., n=70 21 (7.4) 17 (4.3) 15 (5.4) 3 (5.5) 10 (13.3) 4 (8.5)

Haemophilus influenzae, n=42 0 (0) 33 (8.3) 1 (0.4) 1 (1.9) 4 (5.3) 3 (3.4)

Proteus sp., n=37 9 (3.2) 6 (1.5) 20 (7.1) 0 (0) 0 (0) 2 (4.3)
Enterobacter sp., n=22 10 (3.5) 3 (0.8) 6 (2.1) 1 (1.9) 1 (1.3) 1 (2.1)

Others, n=35 2 (0.7) 13 (3.3) 5 (1.8) 1 (1.9) 2 (2.6) 13 (27.7)

Total, n=1137 285 (100) 396 (100) 280 (100) 54 (100) 75 (100) 47 (100)

Table 4 - Antimicrobial resistance among Gram-negative isolates.

Antibiotic 
class Antibiotics (µg)

E. coli K. pneumoniae Klebsiella sp. P. aeruginosa A. baumannii Proteus sp. H. influenzae Enterobacter sp.

n (%)

C
ep

ha
lo

sp
or

in
s

Cephalothin (30) 286 58.4 73 38.4 38 36.8 25 76 56 100 24 33.3 27 40.7 15 100

Cefoxitin (30) 327 11.6 77 15.6 63 19 37 73 96 97.9 32 15.6 37 10.8 20 90

Cefuroxime (30) 47 36.2 8 37.5 5 60 4 - 1 100 7 28.6 2 - 1 100

Ceftazidime (30) 252 24.6 68 32.4 54 31.5 296 52.7 99 86.9 29 6.9 17 - 13 46.2

Cefotaxime (30) 132 15.2 31 22.6 9 33.3 19 - 12 83.3 9 33.3 2 - 2 -

Cefotriaxone (30) 149 18.8 48 22.9 19 42.1 92 82.6 30 96.7 9 - 7 - 9 55.6

O
th

er
 β

-la
ct

am

Ampicillin (10) 336 83.9 85 95.3 65 98.5 37 70.3 97 96.9 36 52.8 40 40 21 95.2

Aztreonam (30) 209 30.1 50 34 59 37.3 309 57.6 106 95.3 34 11.8 16 12.5 15 46.7

Piperacillin (100) 194 59.3 48 54.2 55 43.6 322 49.4   31 19.4 17 23.5 12 50

Piperacillin/
Tazobactam (110)

148 8.8 31 9.7 28 7.1 161 33.5 47 42.6 3 33.3 10 - 10 20

Amoxicillin/CA 
(30)

318 51.6 82 29.3 57 43.9 34 76.5 85 92.9 28 32.1 36 8.3 19 100

Imipenem (10) 74 8.1 11 9.1 34 8.8 135 38.5 61 45.9 17 5.9 11 - 5 -

Meropenem (10) 154 1.3 - - 9 - 106 19.8 25 28 7 - - - 3 -

Imipenem/CS (10) 126 2.4 20 5 52 - 221 25.3 81 14.8 26 7.7 13 - 12 -

Amino-
glycosides

Amikacin (30) 236 11.4 67 10.4 52 21.2 339 48.1 101 84.2 33 27.3 18 44.4 13 7.7

Gentamicin (10) 316 25.9 83 25.3 59 32.2 234 50.4 101 76.2 30 43.3 37 32.4 18 38.9

Tobramycin (10) 63 22.2 15 20 11 36.4 59 54.2 23 56.5 7 85.7 4 50 3 66.7

Fluoro-
quinolones

Ciprofloxacin (5) 195 45.6 54 31.5 53 34 279 50.9 - - 30 16.7 15 - 11 9.1

Levofloxacin 40 52.5 4 50 2 50 16 75 11 63.6 6 50 5 - 2 -

Norfloxacin (10) 105 32.4 23 39.1 9 55.6 162 58 66 71.2 24 4.2 10 10 9 33.3

Nalidixic acid (30) 145 49 26 42.3 19 47.4 23 95.7 6 33.3 5 80   7 57.1

Norfl. /Ciprof. 46 39.1 9 33.3 7 57.1 27 44.4 - - 4 - 1 - 3 66.7

Others

Tetracycline (30) 41 56.1 7 85.7 6 66.7 99 72.7 - -  100 - - 1 -

Cotrimoxazole (25) 311 58.8 85 36.5 62 51.6 39 76.9 69 75.4 21 66.7 31 67.7 17 23.5

Nitrofurantoin (30) 179 11.7 34 26.5 19 31.6 26 96.2 6 83.3 12 66.7 - - 7 28.6

E. coli - Escherichia coli, K. pneumoniae - Klebsiella pneumoniae, P. aeruginosa - Pseudomonas aeruginosa, A. baumannii - Acinetobacter baumannii, 
H. influenzae - Haemophilus influenzae, Norfl/Ciprof - Norfloxacin/Ciprofloxacin
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infection (Table 3). The most common infection in 
the ICU patients was RTI, which represents 179 out 
of 329 (54.4%). However, wound infections were the 
highest infection in the surgical ward for both genders 
in comparison with other hospital wards. Regarding the 
pediatric ward, UTI, and RTI were the major bacterial 
infections found (data not shown). Antimicrobial 
susceptibility for selected antimicrobial agents against 
isolated Gram-negative pathogens is shown in Table 
4. Overall, susceptibility rates for E. coli strains were 
high in this study for most tested antimicrobial agents. 
High resistance rates were observed in cephalothin 
(58.4%), ampicillin (83.9%), piperacillin (59.3%), 
amoxicillin/clavulanic acid (51.6%), cotrimoxazole 
(58.8%), levofloxacin (52.5%), nalidixic acid (49%), 
tetracycline (56.1%), and ciprofloxacin (45.6%). On 
other hand, E. coli isolates showed a very low resistance 
rate to meropenem, imipenem/ cilastatin sodium (CS), 
and imipenem. The K. pneumoniae isolates showed 
moderate resistance (15-40%) to most antibiotics, 
while a high resistance rate were seen to ampicillin, 
piperacillin, levofloxacin, and nalidixic acid. The K. 
pneumoniae isolates showed a low resistance rate to 
imipenem/CS, imipenem, piperacillin/tazobactam, 
and amikacin. Regarding Klebsiella sp., the results 
exhibit a similar resistance rate to some antibiotics as K. 
pneumoniae. A large proportion of P. aeruginosa showed 
a high rate of resistance ranging from 50-90% to ß-
lactams, aminoglycosides, and fluoroquinolones. In 
contrast, moderate resistance P. aeruginosa isolates was 
observed to imipenem, imipenem/CS, and meropenem. 
The A. baumannii showed  high resistance to most 
antimicrobial agents ranging from 50-100%. Moderate 
resistance rates (15-40%) were found to imipenem, 
piperacillin/tazobactam, meropenem, nalidixic acid, 
and imipenem/CS.

Discussion. The results demonstrated that a total 
of 1137 Gram-negative bacteria were identified during 
the 6 months study. Fifteen Gram-negative bacterial 
species was identified to cause infections throughout 
the study period. Generally, E. coli (31.6%), and 
P. aeruginosa (31.2%) were the main pathogens 
isolated in the hospitals under this study. Many 
international studies reported that P. aeruginosa was 
the most frequently isolated Gram-negative bacteria 
in comparison to E. coli, and other bacterial isolates.5-8 
This difference in the frequency of the type of bacterial 
isolates between hospitals is most probably due to the 
variation in patient populations, departments in each 
hospital, and subsequently the type of specimens sent 
to laboratories.

The majority of Gram-negative bacteria in this 
study originated from RTI, followed by UTI, and 

wound infections. The main pathogens isolated from 
the respiratory tract were P. aeruginosa (42.7%), A. 
baumannii (19.7%) and K. pneumoniae (9.6%). 
A previous study in Latin America showed that P. 
aeruginosa was the most prevalent pathogen causing 
pneumonia monitored by the SENTRY Program, and 
Acinetobacter sp. was encountered among the top 5 
pathogens causing RTI.9 Urinary tract infections were 
also common in this study. Although, the isolated 
pathogens from patients with UTI are similar to those 
species isolated in many regions of the world, the rank 
order of pathogens occurrence was different in these 
studies.10-12 In this study, the main pathogens involved 
in UTI were E. coli (56.8%) followed by Klebsiella sp. 
(including K. pneumoniae) (16.8%) and P. aeruginosa 
(16.1%). Similar rank order for pathogens causing 
UTI was found in a study of the Asia-Western Pacific 
region: 37.8% for E. coli, 12.3% for Klebsiella sp., and 
11.1% for P. aeruginosa.10 A study in Spain showed 
that UTI was caused by E. coli in 47% of the cases, 
which is in agreement with our results.13 The high 
prevalence of Gram-negative non-fermentative bacilli 
and Enterobacteriaceae in this study may indicate that 
the majority of our isolates originated from patients 
with nosocomial infections. It has been reported that 
the incidence of nosocomial infections in the ICU is 2-
5 times greater than in the general inpatient population, 
predominantly due to RTI (pneumonia), and UTI.14 

Many factors contribute to the increasing risk of 
nosocomial infections and antimicrobial resistance 
in the ICU which includes; the growing complexity 
of the ICU, the impaired host defenses of patients, 
invasive monitoring and procedures, exposure to 
multiple antibiotics, and colonization by resistant 
microorganisms.14,15 In agreement with other 
international studies, our results showed that most 
bacterial pathogens were isolated from the ICU patients, 
and most of these pathogens were P. aeruginosa, E. 
coli, and A. baumannii.16,17 Regarding Acinetobacter 
nosocomial infection, it was reported that the lower 
respiratory tract is the most common site to isolate this 
microorganism, especially in mechanically ventilated 
patients, where Acinetobacter sp. has been recognized 
as a typical pathogen in late-onset ventilator-associated 
pneumonia.18

In general, the results demonstrated that gram-
negative bacteria have high rates of resistance to 
commonly used antibiotics. The E. coli clinical isolates still 
showed a high susceptibility to meropenem, imipenem/
CS, and imipenem, and K. pneumoniae showed a high 
susceptibility to imipenem/CS, imipenem, piperacillin/
tazobactam, and amikacin. It was reported that the 
susceptibility of Enterobacteriaceae to the carbapenems 
was unaffected by the production of extended-spectrum 
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beta-lactamase, or AmpC β-lactamases.19 This could 
make the rate of resistance among Enterobacteriaceae 
against carbapenems very limited. On the other hand, 
P. aeruginosa and A. baumannii showed high rates of 
resistance ranging from 50-100% to most antimicrobial 
agents. Moderate resistance rates were found among 
carbapenems ranging from 25-46%. The rates of 
antimicrobial resistance found in this work were much 
higher than those published in developed countries, but 
were similar or lower to those reported in developing 
countries.16,20

In agreement to other international studies, 
our results indicated that, carbapenems are still the 
antibiotics of choice to most Gram-negative bacilli.19 
Multi-drug resistance (MDR) among Gram-negative 
isolates was also common in this study. The MDR 
among P. aeruginosa was defined as resistance to at least 
3 of the 4 drugs; ceftazedime, imipenem, ciprofloxacin, 
and tobramycin.21 According to this definition, the 
results indicated that approximately 50% of P. aeruginosa 
clinical isolates were MDR. This result is higher than 
that previously reported in the United States (37%).21 
The A. baumannii isolates were resistant to most used 
antibiotics. Similarly, many studies in the United States, 
Brazil, and Europe have shown the presence of MDR 
among A. baumannii.20,22,23 

In conclusion, expansion of resistance to 
antimicrobial agents is currently the main concern of the 
medical community worldwide, since infections caused 
by resistant bacterial strains seem to be associated with 
worsened morbidity factors (hospitalization, death, and 
illness rates). Our data showed a high rate of resistance 
among Gram-negative pathogens, and resistance to 
carbapenems is still rare in this area among E. coli, K. 
pneumoniae, and other Klebsiella species. However, P. 
aeruginosa and A. baumannii have shown to be a rising 
problem in Makkah, due to its prevalence and resistance 
patterns. Generally, many factors might have contributed 
and leads to increased rates of antimicrobial resistance. 
These factors include misuse of antibiotics by health 
professionals, unskilled practitioners and laypersons, 
misuse of antibiotics by the public, poor drug quality, 
unhygienic conditions accounting for the spread of 
resistant bacteria, and inadequate surveillance.3 

This study being conducted on 2 hospitals in Makkah 
is not representative of the general population of Saudi 
Arabia, and this had limited our study. Further studies 
with the addition of a national project is recommended 
to evaluate antimicrobial susceptibility of Gram-negative 
bacteria isolated from hospitals and health centers in the 
different region of Saudi Arabia. Moreover, detection of 
resistance mechanism of these organisms is useful for 
the geographical distribution worldwide.
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