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Background: Bacterial antibiotic resistance (AR) is a primary public health concern. In 
2017, the Saudi National Action Plan (SNAP) implemented several strategies to overcome 
AR. Here, to better understand the effectiveness of that plan, we evaluated the rates of AR, 
extended-spectrum beta-lactamase (ESBL) positivity, and multi-drug resistance (MDR) 
among gram-negative bacteria in a private Saudi hospital.
Methods: This retrospective study included all patients with a confirmed diagnosis of gram- 
negative bacterial infection from January 2017 to December 2019. Identification of bacterial 
strains was performed using VITEK 2 ID-GNB cards, while AR, ESBL, and MDR were 
determined using AST-No. 12 cards, both used as recommended by the manufacturer. Cards 
were loaded into a VITEK 2 system for examination.
Results: A total of 4760 isolated gram-negative bacteria were collected. The most isolated 
organism was Escherichia coli, with 2585/4760 (54.30%) strains, and the least was 
Providencia stuartii, with 55/4760 (1.16%) strains. A total of 1328/4760 (27.90%) clinical 
isolates were ESBL-positive, and 851/4760 (17.88%) possessed MDR. Escherichia coli was 
also the most frequently isolated as having ESBL activity and MDR, with 772/1328 
(58.13%) and 292/851 (34.31%) isolates, respectively. Between 2017 and 2019, the rates 
of ESBL and MDR were significantly reduced (p < 0.05) for most bacteria, except for 
Salmonella species, which showed increased resistance to antibiotics.
Conclusion: Our findings revealed that the rates of AR, ESBL, and MDR reduced over 
time, which suggests the SNAP is effective at overcoming AR risk.
Keywords: antibiotic resistance, multi-drug resistance, gram-negative bacteria, VITEK, 
Saudi Arabi

Introduction
Antibiotic resistance (AR) poses a major risk for public health,1,2 particularly as wide
spread overuse of antibiotics throughout the past 80 years has led to increased rates of AR 
in bacteria and limited our antibiotic resources.3 AR bacteria have been reported to 
contribute to 700,000 deaths annually, a toll that is expected to rise to as many as 
10 million deaths per year by 2050 if appropriate prevention and control measures are 
not followed.4,5 Thus, there is a great need to address the misuse and inappropriate 
prescription of antibiotics; these activities could contribute to the development of 
extended-spectrum beta-lactamase (ESBL) and multidrug-resistant (MDR) bacteria.6

The World Health Organization (WHO) has released a global action plan that 
highlights increasing consciousness of AR as a critical action to be undertaken 
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worldwide.7,8 In 2017, the WHO also issued the Saudi 
National Action Plan (SNAP), which was developed by 
the Ministry of Health to address the development of 
AR in bacteria and guarantee the continuity of success
ful treatment and prevention of infection through the 
provision of effective and safe medicines.9,10 Key stra
tegies implemented in this plan are: enhancing con
sciousness and understanding of AR; supporting 
relevant knowledge and evidence bases through research 
and scientific meetings; reducing the incidence of infec
tion through effective sanitation and hygiene; optimizing 
the use of antibiotic medicines, and increasing 
investment in new medicines, vaccines, and other 
interventions.10,11

In this study, we investigated the effectiveness of these 
implemented strategies by retrospectively evaluating the 
AR, ESBL, and MDR rates of gram-negative bacteria over 
a three-year period in one of the biggest hospitals in Saudi 
Arabia.

Materials and Methods
Study Design
This retrospective study was performed in a private 120- 
bed hospital in Riyadh, Saudi Arabia, starting in 
January 2017 and continuing to December 2019. The 
study subjects comprised all patients with a confirmed 
diagnosis of gram-negative bacterial infection, specifically 
infection with Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Proteus species, Acinetobacter 
species, Enterobacter cloacae, Citrobacter species, 
Salmonella species, or Providencia stuartii; other gram- 
negative bacteria were excluded from analysis. A total of 
4760 gram-negative bacterial isolates were collected, iden
tified, and evaluated for antibiotic susceptibility. These 
isolates were collected from the following departments: 
outpatient care (2126/4760; 44.66%), emergency (1086/ 
4760; 22.82%), intensive care unit (638/4760; 13.4%), 
multi-service ward (412/4760; 8.66%), women’s care unit 
(249/4760; 5.23%), coronary care unit (128/4760; 2.69%), 
progressive care unit (78/4760; 1.63%), and the labor, 
delivery, and recovery room (43/4760; 0.90%). The speci
men types collected consisted of: urine (2812/4760; 
59.08%), sputum (561/4760; 11.79%), blood (412/4760; 
8.66%), wound (214/4760; 4.50%), vaginal (212/4760; 
4.45%), throat (135/4760; 2.84%), tracheal (83/4760; 
1.74%), and other (331/4760; 6.95%).

Bacterial Identification and Antimicrobial 
Susceptibility Testing
Isolated bacteria were streaked on plates of 5% sheep 
blood agar (Watin Biolife, Riyadh, K.S.A) and grown 
overnight at 37°C under 5% CO2. Following incubation, 
one to three colonies were selected and used to inoculate 
3 mL of 0.45% sterile sodium chloride solution, which 
was adjusted to a turbidity of 0.5 McFarland. Bacterial 
suspensions were applied to each of two testing cards, 
VITEK 2 ID-GNB (an identification system) and AST- 
No. 12 (a susceptibility testing system), loaded into 
a VITEK 2 system according to the manufacturer’s 
instructions.

The VITEK 2 system is an automated instrument that 
uses fluorescence-based technology and is capable of 
rapid, simultaneous identification and antimicrobial sensi
tivity testing of bacteria consistent with the standards of 
the Clinical and Laboratory Standards Institute 
(CLSI).12,13 The system determines minimum inhibitory 
concentration (MIC) by comparing the growth of a patient 
isolate to that of isolates with known MICs. Therefore, the 
standard curve stored in the VITEK 2 relates organism 
activity in the antibiotic wells to reference MICs. The 
VITEK 2 system software (v. 8.01) then determines inter
pretive breakpoints using a guideline established by the 
CLSI.13 Consistent with CLSI recommendations, the fol
lowing strains were also tested to ensure quality control: 
Escherichia coli ATCC 35,218, Pseudomonas aeruginosa 
ATCC 27,853, and K. pneumoniae ATCC 700,603.14

As defined by the US Centers for Disease Control and 
Prevention (CDC) and the European Centre for Disease 
Prevention and Control (ECDC), bacteria are classified as 
MDR if they have acquired non-susceptibility to at least one 
agent in each of three or more antibiotic categories.15 The 
susceptibility testing system used here included the following 
antibiotics and MIC reference ranges: amikacin (AK; MIC 
2–64 µg/mL), amoxicillin/clavulanate (AMC; MIC 2/1-32/ 
16 µg/mL), ampicillin (AMP; MIC 2–32 µg/mL), ceftazi
dime (CAZ; MIC 1–64 µg/mL), ciprofloxacin (CIP; MIC 
0.25–4 µg/mL), gentamicin (CN; MIC 1–16 µg/mL), cef
triaxone (CRO; MIC 1–64 µg/mL), cefotaxime (CTX; MIC 
1–64 µg/mL), cefuroxime (CXM; MIC 1–64 µg/mL), nitro
furantoin (F; MIC 0.5–16 µg/mL), cefepime (FEP; MIC 
1–64 µg/mL), imipenem (IPM; MIC 0.25–12 µg/mL), levo
floxacin (LEV; MIC 0.12–8 µg/mL), meropenem (MEM; 
MIC 0.25–16 µg/mL), trimethoprim/sulfamethoxazole 
(SXT; MIC 1/19-16/304 µg/mL), tigecycline (TGC; MIC 
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0.5–8 µg/mL), and piperacillin/tazobactam (PTZ; MIC 
4/4-128/4 µg/mL).

For ESBL detection, FEP (1 µg/mL), CTX (0.5 µg/mL), 
and CAZ (0.5 µg/mL) were used both alone and in combina
tion with clavulanic acid (10 µg/mL, 4 µg/mL, or 4 µg/mL, 
respectively), and isolates were classified as ESBL positive 
or negative according to the manufacturer’s instructions.

Statistical Analysis
Data were extracted from the Laboratory Information 
System of the hospital and imported into spreadsheet soft
ware (Excel, Microsoft Corp.). For multiple comparisons 
between years, a mixed-model analysis was applied using 
Statistical Analysis System (SAS Institute, Inc.). For the 
adjustment of multiple comparisons, Tukey’s method was 
performed, and p values less than 0.05 were considered 
significant.

Results
Reduction in Antibiotic Resistance of 
Isolated Gram-Negative Bacteria from 
2017 to 2019
A total of 4760 gram-negative bacterial isolates were 
collected over the three-year study period (Table 1). The 
most isolated organism was Escherichia coli, with 2585/ 
4760 (54.31%) strains, and the least isolated organism was 
Providencia stuartii, with 55/4760 (1.16%) strains. Over 
the course of the study period, Escherichia coli exhibited 
reduced or equal resistance to most antibiotics with the 
exception of antibiotic F, for which resistance increased 
over time. The strongest AR reduction in Escherichia coli 
was observed for AK with −12% (125/780, 16%; 32/787, 
4%; 41/1018, 4% for the years 2017, 2018, and 2019, 
respectively), followed by AMP with −6% (515/780, 
66%; 480/787, 61%; 611/1018, 60%) and CXM with 
−6% (281/780, 36%; 244/787, 31%; 305/1018, 30%).

For K. pneumoniae and Pseudomonas aeruginosa, the 
total number of AR isolates was 849/4760 (17.84%) and 
482/4760 (10.13%), respectively. Both of these species 
showed a reduction of resistance to all antibiotics between 
2017 and 2019, with the exception of antibiotic F in 
K. pneumoniae. For K. pneumoniae, the most profound 
reduction was in treatment with PTZ at −28% (97/241, 
40%; 96/310, 31%; 36/298, 12% for the years 2017, 2018, 
and 2019, respectively; p < 0.05), while for Pseudomonas 
aeruginosa, the greatest reduction was for MEM with −23% 
(73/186, 39%; 31/155, 20%; 23/141, 16%; p < 0.05).

For Proteus and Acinetobacter species, the total number 
of AR strains was 254/4760 (5.34%) and 251/4760 (5.27%), 
respectively. Both demonstrated reduced resistance to all 
antibiotics over the study period, except for SXT with 
Acinetobacter species. For Proteus species, the strongest 
reduction was observed with LEV at −46% (70/107, 65%; 
35/84, 42%; 12/63, 19% for the years 2017, 2018, and 2019, 
respectively; p < 0.05), while in Acinetobacter species, AK 
had the most reduction at −40% (78/102 76%; 27/66, 41%; 
30/83, 36%; p < 0.05).

For Enterobacter cloacae and Citrobacter species, the total 
number of strains isolated with AR was 128/4760 (2.69%) and 
83/4760 (1.74%), respectively. In Enterobacter cloacae, 
reduction in resistance was found for only three antibiotics 
(CTX, F, and PTZ), while Citrobacter species displayed 
reduced resistance over time for all antibiotics except CIP, 
IPM, MEM, and SXT.

For Salmonella species and Providencia stuartii, the 
number of isolated strains with AR was 73/4760 (1.53%) 
and 55/4760 (1.16%), respectively. Unfortunately, 
Salmonella species demonstrated increased resistance to 
all antibiotics over time, with AMP being the most 
impacted. However, Providencia stuartii displayed 
decreased resistance to all antibiotics over the study per
iod, with CTX, CAZ, and FEP displaying the strongest 
reductions.

Reduction in MDR and ESBL of Isolated 
Gram-Negative Bacteria Over Time
The total number of gram-negative isolates with MDR was 
851/4760 (17.88%). The most frequently isolated MDR 
bacteria was Escherichia coli (292/851; 34.31%), followed 
by K. pneumoniae (218/851; 25.62%), and Acinetobacter 
species (167/851; 19.62%).

Generally, the proportion of MDR bacteria among AR 
isolates from a given genus decreased significantly over time 
(p < 0.05); the exceptions were Enterobacter cloacae and 
Citrobacter species (Figure 1). For example, Escherichia 
coli demonstrated MDR rates of 14.87% (116/780), 9.78% 
(77/787), and 9.72% (99/1018) for the years 2017, 2018, and 
2019, respectively, giving a total decrease of −5.15%. The 
strongest reduction in MDR rate was displayed by 
K. pneumoniae with −20.84% (85/241, 35.27%; 90/310, 
29.03%; 43/298, 14.43%).

For ESBL-positive clinical isolates, 1328/4760 
(27.90%) were obtained in total (Figure 2). The species 
most commonly ESBL-positive were Escherichia coli 
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(772/1328; 58.13%) and K. pneumoniae (345/1328; 
25.98%). The proportion of ESBL-positive Escherichia 
coli decreased over the study period, with values of 
31.79% (248/780), 29.61% (233/787), and 28.59% (291/ 
1018) for the years 2017, 2018, and 2019, respectively. 
Out of all ESBL-positive bacteria identified, the strongest 
rate reduction was displayed by Providencia stuartii with 
−33.78% (8/19, 42.11%; 51/240, 21.25%; 1/12, 8.33%), 
followed by K. pneumoniae with −23.68% (125/241, 
51.87%; 136/310, 43.87%; 84/298, 28.19%). In addition, 
our data demonstrated significant reductions (p < 0.05) in 
ESBL rate over time for K. pneumoniae, Proteus species, 
Citrobacter species, and Providencia stuartii.

Discussion
The prevalence of AR and the distribution of resistant agents 
have become a major concern for physicians and scientists.3 

Unfortunately, several inappropriate practices that contribute 
to AR are known to occur in Saudi, including buying anti
biotic drugs without prescription, self-medication with anti
biotics, and failure to complete prescribed antibiotic 
regimens.16,17 In 2014, the reported prevalence of self- 
medication with antibiotics was 78.7%,17 while in 2015, 
approximately 64% of people in Saudi used antibiotics with
out prescription, and 71% did not finish a prescribed anti
biotic treatment.16 In addition, the lack of AR surveillance 
programs led to increased inappropriate use of antibiotics 
among health care staff and patients.18 Over time, these 
inappropriate practices can allow bacteria to share AR 
genes and factors such as biofilm production components 
that enhance resistance toward antibiotics, which can 
increase the prevalence of ESBL and MDR, thereby leading 
to more complicated infections.19–21 Furthermore, several 
factors have caused the development of new antibiotic 
drugs to slow, and methods for overcoming AR are limited. 
Bacterial pathogens resistant to ordinary antibiotics require 
combination therapy, in which two or more antibiotics are 
used to enhance the efficacy of the drugs.22,23 Increased 
prevalence of antibiotic resistance therefore presents difficul
ties for physicians and constitutes a growing threat to public 
health.

Accordingly, in 2017, the Saudi Ministry of Health 
implemented several strategies to reduce the risk of AR, 
including raising national awareness and improving 
knowledge by establishing evidence-based communica
tion, training, and development programs; these programs 
targeted the public along with both human and animal 
healthcare providers. In addition, the Ministry established Pr
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a national surveillance system for AR, designating seven 
reference microbiology laboratory facilities (College of 
American Pathologists accredited), and 12 human and six 
animal AR surveillance sentinel sites in different regions 
of Saudi Arabia; all sentinel sites are connected to the 
national center for analysis and reporting. The Ministry 
also set out to decrease the incidence of infection by 

introducing an infection prevention and control program 
in veterinary settings and animal husbandry contexts, and 
by applying infection prevention and control guidelines to 
limit the spread of AR outside health settings. Moreover, 
the Ministry aimed to optimize the use of antimicrobial 
medicines in human and animal health by strengthening 
the pharmaceutical supply chain, ensuring uninterrupted 

Figure 1 Three years evaluation of MDR of isolated gram-negative bacteria. Results were presented as percentage ±SD of MDR of isolated bacteria compared to their antibiotic 
resistance. Mixed-model analysis was performed for the multiple comparisons, and *Indicates a significant difference in multi-drug resistance between years (p < 0.05).

Figure 2 Three years evaluation of ESBL of isolated gram-negative bacteria. Results were presented as percentage ±SD of ESBL of isolated bacteria compared to their 
antibiotic resistance strain. Mixed-model analysis was performed for the multiple comparisons, and *Indicates a significant difference in ESBL between years (p < 0.05).
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access to high-quality antimicrobial medicines, and by 
monitoring for and improving the appropriate use of anti
microbial agents in health care.9,10

In this study, we analyzed the prevalence of AR, 
ESBL, and MDR among key pathogenic gram-negative 
bacterial species isolated from patients in a private hospital 
in Saudi Arabia. From January 2017 to December 2019, 
we collected a total of 4760 gram-negative bacterial iso
lates. The most isolated organism was Escherichia coli, 
with 2585 (54.30%) strains, this finding is in agreement 
with a study conducted by Buetti and colleagues.24 

However, in other studies by Sedigh et al and Alam 
et al, the most isolated gram-negative AR bacteria were 
Acinetobacter species.25,26

We observed that resistance to most antibiotics reduced 
over time in all studied bacteria except Salmonella species, 
which is in agreement with studies done by Mukherjee 
et al and Browne et al.28,29 For Escherichia coli, the great
est reduction was with the antibiotic AK (−12%), while for 
K. pneumoniae the strongest reduction was for PTZ 
(−28%), and in Pseudomonas aeruginosa for MEM 
(−23%). In contrast, in Iran, a country with no systematic 
guidelines for antibiotic usage, Azimi et al showed that 
resistance to most antibiotics increased continuously from 
2016 to 2018; in particular, they reported increased resis
tance of Escherichia coli to AK (60%), K. pneumoniae to 
PTZ (24%), and Pseudomonas aeruginosa to MEM 
(7%).27 The contrast between their findings and the present 
study emphasizes the import of AR monitoring. 
Interestingly, our data displayed that some bacterial strains 
developed complete susceptibility to an antibiotic over 
time, such as for Proteus species treated with AMC (28/ 
107, 26%; 17/84, 20%; 0/63, 0% for the years 2017, 2018, 
and 2019, respectively) and Providencia stuartii treated 
with CTX (8/19, 42%; 5/24, 22%; 0/12, 0%).

Taken together, these results indicate that AR monitor
ing is important and has several benefits, such as providing 
data on bacterial resistance frequency, assisting in the 
selection of ideal antibiotics and subsequently reducing 
AR prevalence, decreasing hospitalization rate and treat
ment costs, and reducing the death rate.27 As resistance in 
Salmonella species was reported to be more persistent,28,29 

the SNAP has specifically implemented surveillance for 
the detection of Salmonella species and total bacterial 
count in poultry in all regions of the Saudi Kingdom, 
and restricts the use of antibiotics critically important for 
human medicine in food production animals.10 Notably, 
our results do not reflect the effect of these two 

implemented strategies, as more time is needed to analyze 
their consequences.

In the present study, Escherichia coli and K. pneumoniae 
together comprised 84% of ESBL-positive isolates and 60% 
of MDR isolates. Similarly, Hayati et al and Deng et al 
demonstrated that ESBL activity and MDR were most fre
quent in Escherichia coli and K. pneumoniae, at a combined 
83% and 51%, respectively.30,31 In March 2017, the Saudi 
Health Ministry adapted and applied the WHO global anti
microbial resistance surveillance system (GLASS) with 
priority for common ESBL and MDR bacteria, including 
Escherichia coli and K. pneumoniae. In addition, in 
April 2017, the Health Ministry requested a stewardship 
program key performance indicator on the process and out
come regarding ESBL and MDR bacteria.10 Our data showed 
that after implementing these strategies, in addition to 
a generally noticeable decrease of all MDR and ESBL bac
teria from 2017 to 2019, the prevalence of ESBL and 
MDR Escherichia coli isolates decreased slightly, while 
for K. pneumoniae the prevalence decreased significantly 
(p < 0.05). The reductions in ESBL and MDR had fortunate 
consequences such as raising the rate of treatment success 
and decreasing rates of morbidity and mortality.6,32–34

While we found resistance to all antibiotics to gener
ally reduce over time, SXT was an exception. This finding 
is probably linked to patterns in the use of antimicrobial 
therapy and may reflect selective reporting of resistance 
testing.35 In terms of general trends in resistance over the 
study period, AMP was observed to have the highest 
resistance rate, while AK had the lowest. Extremely high 
resistance of gram-negative pathogens to AMP was also 
reported in Saudi by Al-Tawfiq et al and in India by 
Dharmapalan et al.36,37 Interestingly, we found the AMP 
resistance rate to decrease over time; meanwhile, in Iran, 
which had no systematic guidelines for antibiotic usage, 
Azimi et al documented an increase in AMP resistance 
rate.27

It should be noted that our study has several limita
tions, including 1) clinical data regarding treatment out
comes and mortality rate due to gram-negative bacteria 
were not obtainable; thus, we could not consider this 
information in our analysis; 2) control groups for some 
variables were not included; 3) identification of Proteus, 
Acinetobacter, Citrobacter, and Salmonella was not done 
to species level; thus, it is impossible to determine the AR 
and infection rates for particular species of these bac
teria; 4) the analysis did not consider annual changes in 
hospital policies due to physician recommendations and 
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availability of antibiotics; 5) gram-positive bacteria were 
not included; 6) while we used quality control strains for 
the VITEK system, the study did not include an AR- 
negative control group; and 7) the total number of tested 
isolates differed from year to year.

Despite these limitations, our results clearly show that 
the strategies implemented by the SNAP are effective in 
reducing AR. To our knowledge, this study is the first to 
investigate the efficacy of the SNAP since its implementa
tion in 2017. It would be interesting to continue with 
future studies that increase the number of hospitals and 
years considered to gain a broader overview of the imple
mented plan’s success.

Conclusion
The results of this study suggest that the SNAP is effective 
in reducing the rates of AR, ESBL, and MDR in most 
gram-negative bacteria. Moreover, we have demonstrated 
that from 2017 to 2019, some bacterial strains developed 
complete susceptibility to a particular antibiotic, such as 
Proteus species treated with AMC and Providencia stuar
tii treated with CTX. However, Salmonella species showed 
increased resistance to all antibiotics over time, and further 
investigation is required to improve the effectiveness of 
the implemented strategies. In addition, more studies 
including gram-positive bacteria merit consideration to 
gain a more complete perspective on the success of SNAP.
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