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Background: Surgical site infections (SSIs), especially when caused by multidrug‑resistant (MDR) bacteria, are 
a major healthcare concern worldwide. For optimal treatment and prevention of antimicrobial resistance, 
it is important for clinicians to be aware of local drug‑resistant bacterial pathogens that cause SSIs.
Objective: To determine the frequency patterns of drug‑resistant bacterial strains causing SSIs at a tertiary 
care hospital in Saudi Arabia.
Methods: This retrospective study was conducted at the Microbiology laboratory of Al‑Noor Specialist 
Hospital, Makkah, Saudi Arabia, and included wound swab samples from all cases of SSI between January 
01, 2017, and December 31, 2021. The swabs were processed for the identification of bacterial strains 
and their resistance pattern to antibiotics according to the Clinical and Laboratory Standards Institute.
Results: A total of 5409 wound swabs were analyzed, of which 3604 samples (66.6%) were from male. Most 
samples were from the Department of Surgery (43.3%). A total of 14 bacterial strains were isolated, of which 9 
were Gram‑negative bacteria. The most common isolates were Klebsiella pneumoniae, followed by Pseudomonas 
aeruginosa, Escherichia  coli, Acinetobacter baumannii, methicillin‑resistant Staphylococcus  aureus  (MRSA), 
vancomycin-resistant Enterococci (VRE), and vancomycin‑resistant S. aureus (VRSA). In terms of MDR in 2021, 
the highest rate of carbapenem‑resistance was in A. baumannii (97%). MDR was as follows: A. baumannii, 97%; 
K. pneumoniae, 81%; E. coli, 71%; MRSA, 60%; P. aeruginosa, 33%; VRE, 22%; and VRSA, 2%.
Conclusion: This study showed that in the city of Makkah, Saudi Arabia, the rates of MDR bacteria are high, 
with the majority being Gram‑negative.
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INTRODUCTION

Wound infection is a serious problem and a major 
concern among health‑care practitioners, not only in 
terms of  its increased rates but also because the increased 
financial burden on the healthcare system. A surgical site 
infection (SSI) is defined as an infection that occurs after 
any surgical approach within or near the surgical incision 
site one to three months after surgery.[1] In a meta‑analysis, 
the worldwide incidence of  SSIs in general surgical patients 
within the first month after surgery was found to be 1.1 per 
10 patients.[2] SSIs occur due to various factors. When there 
is a reduction in the components and defensive function of  
the skin, various microorganisms can invade a wound and 
induce an inflammatory response, which is manifested by 
tenderness, fever, swelling, redness, and pain.[3]

The worldwide prevalence of  SSIs varies not only across 
countries but also regions within a country. In a study that 
assessed the data of  about 850,000 surgeries in the United 
States, the rate of  SSIs was found to be 1.9%.[4] In Saudi 
Arabia, in single‑center studies, the prevalence of  SSIs has 
been reported to range from 1.7% in Riyadh to 10.2% in 
Najran.[5,6]

The WHO’s recommendations on intraoperative 
and postoperative measures for preventing SSIs also 
emphasize contributing toward the prevention of  
antimicrobial resistance.[7] To do so and for optimal 
treatment, it is important for clinicians to be aware of  
the local drug‑resistant bacterial pathogens that cause 
SSIs, as the resistance patterns differ according to 
regions and countries. For example, in two different 
studies from the United States and Saudi Arabia, while 
the Gram‑positive bacteria  (GBP) most commonly 
causing SSIs in both countries were methicillin‑resistant 
Staphylococcus  aureus  (MRSA) and enterococcus, the rate 
of  microbial resistance differed (MRSA: 45% and 30.5%, 
respectively; enterococcus: 21% and 14%, respectively). In 
addition, the patterns of  Gram‑negative bacteria (GNP) 
most commonly causing SSIs differed across both 
countries.[8,9] Notably, in Saudi Arabia, GNBs account 
for >65% of  the pathogens causing SSIs and with a higher 
frequency of  resistance than that reported in the United 
States and Europe.[9] In Saudi Arabia, Makkah receives 
the highest density of  visitors for performing pilgrimage, 
thereby increasing the necessity of  understanding the local 
drug‑resistant bacterial patterns. Therefore, for providing 
local data, this study was conducted to determine the 
frequency patterns of  drug‑resistant bacterial strains 
causing SSIs at a tertiary care hospital in Makkah city, 
Saudi Arabia.

MATERIALS AND METHODS

Study design, setting, and data collection source
This retrospective study was conducted at the Microbiology 
laboratory of  Al‑Noor Specialist Hospital, Makkah, Saudi 
Arabia, and included wound swab samples from all cases of  
SSIs over a 5‑year period (January 01, 2017, to December 31, 
2021). Al‑Noor Specialist Hospital is a 500‑bed tertiary care 
facility and is one of  the largest public hospitals in the region.

Samples were collected from all wards/departments of  
the hospital: Emergency department; Burn Unit; Critical 
Care Unit  (CCU); Surgery; Dermatology; Diabetic 
Center; Ophthalmology; Female and male medical wards, 
Orthopedics Surgery, Urology, Intensive Care Unit (ICU); 
Advanced Kidney Care; Ear, Nose, and Throat  (ENT); 
Pediatric, Cardiology, and an Isolation Department.

The study was conducted after obtaining ethical approval 
from the Scientific Research Ethics Committee, Faculty of  
Medicine, Umm Al‑Qura University, Makkah, Saudi Arabia.

Cultivation and identification
Wound and pus samples were inoculated on chocolate agar, 
MacConkey agar, and blood agar and incubated at 37°C 
for 24–48 hours. After the incubation period, the plates 
were examined for the presence of  pathogenic bacteria 
according to the standard microbiological identification 
techniques, in accordance with the guidelines of  Clinical 
and Laboratory Standards Institute  (CLSI). All isolates 
were confirmed using the VITEK 2 system (bioMérieux) 
for identification of  Gram‑negative and Gram‑positive 
bacteria (GN and GP ID card), whereas VITEK® 2 AST 
Cards were used for antimicrobial susceptibility testing.

Data analysis
Results from VITEK 2 were entered into Microsoft Excel 
and used to determine the most common pathogens and 
those with multidrug resistance (MDR). The same dataset 
was used for the analysis of  the antibiotic susceptibility 
patterns between 2017 and 2021.

RESULTS

A total of  5409 wound swabs were analyzed, of  which 
3604  samples  (66.6%) were from males. A  higher 
number of  cases were recorded among patients aged 
46–65  years  (1933  samples; 35.7%) and in the year 
2021  (1182  samples; 21.9%)  [Table  1]. In terms of  
department‑wise sample segregation, the highest number 
of  samples were from the Department of  Surgery (43.3%), 
followed by the Burn Unit  (10.8%) and Female/Male 
medical wards (8.1%) [Table 2].
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Frequencies of pathogens in wound infections
A total of  14 fourteen bacterial strains were isolated: 9 
genera were GNB and 5 were GPB. The most commonly 
isolated GNBs were Klebsiella pneumoniae  (range: 
181–244  cases/year; 25.7%–31.8%), followed by 
Pseudomonas aeruginosa  (108–187  cases/year; 17.9%–
23.1%), Escherichia coli  (83–133  cases/year; 13.2%–
17.3%), and Acinetobacter baumannii (115–150 cases/year; 
15.6%–19.2%) [Figure 1].

The most commonly isolated GPB were MRSA (range: 
101–174  cases/year; 48.3%–59%), followed by 
methicillin‑sensitive S. aureus (MSSA) (88–105 cases/year; 
30.8%–42.5%) and Enterococcus faecalis  (8–13  cases/year; 
2.9%–4.4%) [Figure 2].

Resistance rates of Gram‑negative bacteria
The frequency of  drug resistance among GNB between 
2017 and 2021 are shown in Supplementary Tables 1-5. 
Notably, from 2017 to 2021, the E.  coli resistance rates 
to colistin drastically increased from 0% to 92%, while 
to cefepime and amoxicillin/clavulanate, it increased 
from 39% to 63% and from 28% to 57%, respectively. 
Conversely, the resistance rates of  A. baumannii and Proteus 
mirabilis to gentamycin decreased from 71% and 72% in 

2017 to 50% and 49% in 2021, respectively; however, the 
resistance rate of  K. pneumoniae to gentamycin increased 
from 56% to 68% during the same period. Against 
imipenem, A. baumannii had a consistently high resistance 
throughout the study  (97%); however, the resistance 
rates of  P.  mirabilis and Morganella morganii drastically 
increased from 55% and 18% in 2017 to 95% and 100% 
in 2021, respectively. Against piperacillin/tazobactam, only 
Citrobacter koseri had a dramatic increase in resistance: from 
33% to 94% in 2021.
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Figure 1: Frequencies of isolated Gram‑negative bacteria in wound 
infections

Table 1: Distribution of cases of wound infections according to gender and age
Distribution of cases

Total number 
of cases (%)

Gender Age
Male, n (%) Female, n (%) 0–20 year‑old, n (%) 21–45 year‑old, n (%) 46–65 year‑old, n (%) 66+ year old, n (%)

1046 (19.3) 697 (66.6) 349 (33.4) 101 (9.66) 285 (27.2) 342 (32.7) 318 (30.4)
1164 (21.5) 803 (69) 361 (31) 84 (7.22) 295 (25.3) 429 (36.9) 356 (30.6)
1136 (21) 726 (63.9) 410 (36.1) 82 (7.22) 364 (32) 422 (37.1) 268 (23.6)
881 (16.3) 573 (65) 308 (35) 54 (6.13) 296 (33.6) 352 (40) 179 (20.3)
1182 (21.9) 805 (68.1) 377 (31.9) 120 (10.15) 412 (34.9) 388 (32.8) 262 (22.2)
5409 (100) 3604 (66.6) 1805 (33.4) 441 (8.2) 1652 (30.5) 1933 (35.7) 1383 (25.6)

Table 2: Distribution of cases of wound infections according to hospital wards
Hospital wards Number of wound infections

2017, n (%) 2018, n (%) 2019, n (%) 2020, n (%) 2021, n (%) Total, n (%)

Emergency 30 (27.8) 33 (30.6) 26 (24.1) 12 (11.1) 7 (6.5) 108 (2)
Burn units 113 (18.5) 96 (15.7) 110 (18) 113 (18.5) 180 (29.4) 612 (11.3)
CCU 6 (17.6) 2 (5.9) 12 (35.3) 7 (20.6) 7 (20.6) 34 (0.6)
Surgery 425 (18.1) 431 (18.4) 554 (23.6) 389 (16.6) 544 (23.2) 2343 (43.3)
Dermatology 5 (35.7) 0 4 (28.6) 4 (28.6) 1 (7.1) 14 (0.3)
Diabetic centre 26 (16.8) 36 (23.2) 39 (25.2) 32 (20.6) 22 (14.2) 155 (2.9)
Ophthalmology 35 (25.4) 31 (22.5) 27 (19.6) 10 (7.2) 35 (25.4) 138 (2.6)
Female/Male medical wards 106 (18.1) 127 (21.7) 98 (16.8) 134 (22.9) 120 (20.5) 585 (10.8)
Orthopedics 63 (16.8) 128 (34.1) 94 (25.1) 21 (5.6) 69 (18.4) 375 (6.9)
Urology 45 (18.4) 67 (27.3) 47 (19.2) 63 (25.7) 23 (9.4) 245 (4.5)
ICU 117 (26.7) 129 (29.4) 56 (12.8) 74 (16.9) 63 (14.4) 439 (8.1)
Hemodialysis (Advanced Kidney Care) 14 (7.3) 51 (26.6) 36 (18.8) 7 (3.6) 84 (43.8) 192 (3.5)
ENT 37 (29.6) 28 (22.4) 27 (21.6) 9 (7.2) 24 (19.2) 125 (2.3)
Pediatric 11 (73.3) 2 (13.3) 1 (6.7) 0 1 (6.7) 15 (0.3)
Cardiology 6 (37.5) 1 (6.3) 2 (12.5) 6 (37.5) 1 (6.3) 16 (0.3)
Isolation 7 (53.8) 2 (15.4) 3 (23.1) 0 1 (7.7) 13 (0.2)
Total 1046 (19.3) 1164 (21.5) 1136 (21) 881 (16.3) 1182 (21.9) 5409 (100)

CCU – Critical care unit; ICU – Intensive care unit; ENT – Ear, nose, and throat
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Resistance rates of Gram‑positive bacteria
The resistance rate of  GBP is shown in Supplementary 
Tables 6-10. The resistance rate of  MSSA to ampicillin, 
gentamycin, tetracycline, and amoxicillin/clavulanate 
increased from 0% in 2017 to 91%, 11.4%, 12%, and 13% 
in 2021, respectively. Streptococcus group B also showed an 
absolute increase in resistance pattern against clindamycin 
and tetracycline: from 0% to 100% against both within the 
studied period. Moreover, E. faecalis showed a slight increase 
in resistance pattern against linezolid and ampicillin from 
0% for both in 2017 to 15% and 22% in 2021, respectively. 
Remarkably, the resistance rate of  MRSA isolates against 
ampicillin increased from 43% in 2019 to 100% in 2021.

Multidrug‑resistant Gram‑negative bacteria
In 2021, the rates of  carbapenem-resistant Enterobacteriaceae 
(CRE) increased to 27%, 70%, and 81% for C.  koseri, 
M. morganii, and K. pneumoniae, respectively. In 2018, E. coli, 

A.  baumannii, and Serratia marcescens recorded the highest 
resistance rates with 71%, 97%, and 67%, respectively. 
Moreover, P. mirabilis recorded a high rate of  carbapenem 
resistance in 2019 (57%). Meanwhile, P. aeruginosa showed 
resistance against carbapenems ranging from 29% in 2018 
to 33% in 2021 [Figure 3].

Multidrug‑resistant Gram‑positive bacteria
Staphylococcus aureus showed a high percentage of  methicillin 
resistance throughout the studied years (range: 55%–60%). 
Vancomycin‑resistant S. aureus cases only first appeared in 
2019 (1%) and were at 2% by the end of  the study period. 
Similarly, the first cases of  vancomycin‑resistant E. faecalis 
were reported in 2018 (13%) and it reached its highest rate 
in 2020 (22%) [Figure 4].

Colistin‑resistant rate in Gram‑negative bacteria
The resistance rate of  K. pneumoniae and E.  coli against 
colistin drastically increased from 0% for both in 2017 to 
93% and 66% in 2021, respectively [Figure 5].

DISCUSSION

The present study found that between 2017 and 2021, overall, 
the most commonly isolated pathogens were K. pneumoniae, 
P. aeruginosa, and MRSA. These findings are inconsistent 
with those of  studies conducted in Makkah (2004–05) and 
Riyadh (2007‑16), wherein Staphylococci and S. aureus were 
the most common pathogens.[9,10] In terms of  GNBs, in 
addition to K. pneumonia and P. aeruginosa, other commonly 
isolated pathogens were E. coli and A. baumannii. Recent 
studies conducted in Saudi Arabia have found that either 
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Figure 2: Frequencies of isolated Gram‑positive bacteria in wound 
infections
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K. pneumoniae or E.  coli was the most frequently isolated 
GNB.[11‑13] In terms of  GPBs, in our study, S.  aureus 
was most frequently isolated followed by E.  faecalis, 
Streptococcus agalactia, and Streptococcus pyogenes. This finding 
is unsurprising given that several studies from Saudi Arabia 
and worldwide have found that S.  aureus is one of  the 
major pathogens causing healthcare‑associated infections, 
including wound infections.[14‑20]

The resistance rates of  P.  aeruginosa in 2021 to 
ceftazidime (34%), meropenem (33%), cefepime (38%), and 
piperacillin/tazobactam (37%) were comparable with those 
of  a study conducted in Riyadh during a similar timeframe.[14] 
However, a very recent study from China showed substantially 
lower resistance rates of  P. aeruginosa to ceftazidime (4.5%), 
meropenem  (13%), cefepime  (6%), and piperacillin/
tazobactam  (9%) compared to our study, highlighting 
differences in resistance rates between countries.[20] The rates 
of  resistance against colistin drastically rose over the study 
period from 0% in 2017 to 93% for K. pneumoniae, 66% for 
P. aeruginosa, and 92% for E. coli in 2021. Such a drastic increase 
in resistance may be attributed to the increase in MDR being 
reported following the COVID‑19 pandemic.[21]

The rate of  vancomycin‑resistant Enterococci (22%) in the 
current study was significantly higher than those reported 
in a study conducted in Riyadh (4%).[14] Furthermore, the 
presence of  vancomycin‑resistant S.  aureus cases, which 
only first appeared in 2019 (1%) and were at 2% by the 
end of  the study period, is in contrast to the findings of  
the study in Riyadh, wherein S. aureus was fully sensitive 
to vancomycin.[22] Worryingly, the cases of  MRSA in the 
current study increased over the 5‑year period to 60%, 
which was much substantially higher than the rates reported 
in the US  (32%) and Europe  (27%). The United States 
has seen a decline in the rates of  MRSA following the 
stringent application protocol and guideline described in 
the 2015 National Surveillance Program on MRSA.[23‑25] 
This reduction provides a learning point for Saudi Arabia, 
where a similar protocol and its stringent application can be 

used to combat the increase in MRSA cases. The findings 
of  the current study also highlight the need for further 
research to reduce the threat of  MDR bacterial infections.

Limitations
Our study had some limitations, including that it is a single 
center study. Further, the study did not include the isolation 
of  anaerobic bacteria that are associated with deep wound 
infections as well as the genotyping analysis of  MDR strains 
isolated from infected wounds. In addition, information 
regarding the relationship between wound infections and 
mortality and hospitalization rates were not available for 
inclusion in the study.

CONCLUSIONS

This study showed that in the city of  Makkah, Saudi 
Arabia, the rates of  MDR are high, with the majority 
being GNBs. In addition, colistin resistance was found to 
have remarkably risen over the 5‑year period, especially 
in K. pneumoniae, E. coli, and P. aeruginosa. To reduce high 
rates and spread of  MDR bacteria among patients with 
postoperative wound, effective infection control strategies, 
knowledge of  MDR patterns, and early detection of  
resistant bacterial pathogens are essential.
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Supplementary Table 1: Relative frequency of resistance of Gram‑negative bacteria in 2017
Antibiotics No. of tested organisms (resistance %)

Acinetobacter 
baumannii

Citrobacter 
koseri

Escherichia 
coli

Enterobacter 
cloacae

Proteus 
mirabilis

Klebsiella 
pneumoniae

Morganella 
morganii

Pseudomonas 
aeruginosa

Serratia 
marcescens

Ampicillin 8 (100) 0 17 (76.5) 4 (100) 4 (50) 33 (93.9) 2 (100) 0 2 (100)
Gentamycin 125 (71.1) 9 (22.2) 116 (28.4) 56 (26.8) 43 (72.1) 178 (56.2) 22 (45) 123 (26.8) 12 (0)
Amoxicillin/
clavulanate

6 (100) 3 (33.3) 18 (72.2) 11 (100) 7 (28.6) 50 (66) 4 (75) 1 (100) 2 (100)

Trimethoprim/
sulfamethoxazole

109 (83.5) 5 (60) 76 (72) 41 (43.9) 22 (68.2) 126 (77.8) 11 (72.7) 9 (88.9) 9 (0)

Amikacin 78 (91) 6 (50) 70 (35.7) 36 (13.9) 30 (56.7) 136 (75.7) 18 (50) 43 (51.2) 5 (0)
Imipenem 113 (97.3) 5 (20) 70 (10) 30 (33.3) 20 (55) 106 (76.4) 11 (18.2) 66 (43.9) 1 (0)
Aztreonam 0 0 0 0 0 0 0 0 0
Ciprofloxacin 98 (100) 6 (50) 86 (62.8) 39 (23.1) 27 (44.4) 135 (77) 14 (64.3) 48 (29.2) 9 (11.1)
Ceftazidime 119 (98.3) 7 (14.3) 39 (64.1) 38 (47.4) 23 (65.2) 105 (71.4) 14 (57.1) 125 (45.6) 4 (50)
Cefotaxime 113 (100) 0 6 (66.7) 2 (100) 0 20 (80) 0 0 1 (100)
Tobramycin 0 0 0 0 0 0 0 0 0
Cefepime 119 (99.2) 8 (25) 44 (38.6) 38 (42.1) 18 (94.4) 101 (81) 12 (16.7) 40 (70) 5 (20)
Levofloxacin 68 (100) 1 (100) 49 (73.5) 29 (45) 22 (63.6) 70 (77.1) 11 (63.7) 13 (38.5) 5 (0)
Meropenem 105 (98.1) 5 (20) 96 (8.3) 39 (23.1) 26 (26.9) 123 (66.7) 13 (0) 28 (76.6) 7 (0)
Colistin 32 (3.2) 0 2 (0) 5 (0) 1 (100) 4 (0) 0 0 0
Piperacillin/
tazobactam

37 (97.3) 3 (33.3) 18 (55.6) 14 (50) 12 (33.3) 56 (85.7) 5 (0) 116 (65.5) 2 (0)

Tigecycline 30 (26.7) 0 2 (0) 2 (0) 0 9 (55.6) 0 0 0
Moxifloxacin 0 0 0 0 0 0 0 0 0

Supplementary Table 2: Relative frequency of resistance of Gram‑negative bacteria in 2018
Antibiotics No. of tested organisms (resistance %)

Acinetobacter 
baumannii

Citrobacter 
koseri

Escherichia 
coli

Enterobacter 
cloacae

Proteus 
mirabilis

Klebsiella 
pneumoniae

Morganella 
morganii

Pseudomonas 
aeruginosa

Serratia 
marcescens

Ampicillin 14 (92) 2 (100) 15 (48) 13 (100) 13 (69) 50 (98.6) 1 (100) 0 0
Gentamycin 118 (70) 10 (10) 132 (26.5) 57 (19.3) 40 (62) 241 (69) 14 (42) 142 (21) 3 (66.7)
Amoxicillin/
clavulanate

3 (100) 2 (0) 28 (28.6) 18 (100) 17 (47) 67 (77) 1 (100) 0 0

Trimethoprim/
sulfamethoxazole

110 (74) 9 (11) 73 (61.6) 51 (37.3) 30 (73) 208 (83) 11 (82) 2 (50) 3 (33.3)

Amikacin 85 (77) 4 (0) 63 (12.7) 29 (27.7) 29 (38) 181 (81) 7 (0) 24 (38) 3 (33.3)
Imipenem 104 (98) 7 (14) 87 (6.9) 24 (33.3) 15 (33.3) 190 (76.8) 6 (17) 51 (29) 2 (50)
Aztreonam 0 0 0 0 0 0 0 0 0
Ciprofloxacin 107 (98) 6 (50) 98 (71.4) 51 (29.4) 28 (78) 198 (79.8) 10 (70) 26 (26.9) 2 (100)
Ceftazidime 114 (95) 7 (57) 28 (57.1) 45 (53.3) 24 (62) 158 (82.9) 6 (33) 143 (33.6) 2 (100)
Cefotaxime 11 (100) 0 10 (30) 10 (50) 6 (84) 35 (80) 0 0 0
Tobramycin 0 0 0 0 0 0 0 0 0
Cefepime 114 (98) 6 (33) 22 (50) 40 (20) 21 (62) 162 (88) 5 (20) 23 (70) 1 (100)
Levofloxacin 104 (98) 7 (42.9) 101 (68.3) 33 (33.3) 28 (90) 199 (91) 7 (42) 22 (36) 3 (66.7)
Meropenem 110 (96) 5 (20) 91 (3.3) 28 (28.6) 26 (8) 200 (81) 9 (0) 28 (43) 3 (0)
Colistin 5 (0) 0 0 0 0 0 0 0 0
Piperacillin/
tazobactam

29 (100) 2 (50) 4 (25) 8 (37.5) 7 (29) 80 (96) 1 (0) 139 (31.1) 1 (100)

Tigecycline 3 (0) 0 0 0 0 3 (0) 0 0 0
Moxifloxacin 0 0 0 0 0 0 0 0 0



Supplementary Table 3: Relative frequency of resistance of Gram‑negative bacteria in 2019
Antibiotics No. of tested organisms (resistance %)

Acinetobacter 
baumannii

Citrobacter 
koseri

Escherichia 
coli

Enterobacter 
cloacae

Proteus 
mirabilis

Klebsiella 
pneumoniae

Morganella 
morganii

Pseudomonas Serratia 
marcescens

Ampicillin 20 (80) 3 (100) 39 (95) 12 (100) 4 (100) 50 (100) 2 (100) 4 (75) 4 (75)
Gentamycin 136 (50) 13 (38.5) 116 (23) 61 (20) 27 (82) 199 (79) 11 (45) 172 (15) 11 (0)
Amoxicillin/
clavulanate

2 (0) 3 (66.7) 35 (29) 23 (100) 5 (80) 61 (75) 2 (100) 2 (50) 3 (100)

Trimethoprim/
sulfamethoxazole

135 (9.6) 11 (27) 104 (53.8) 54 (30) 24 (92) 187 (79) 10 (60) 3 (33.3) 10 (20)

Amikacin 82 (86.6) 9 (22) 86 (10.5) 38 (18) 25 (72) 145 (59) 6 (33) 36 (22.2) 9 (0)
Imipenem 96 (95.8) 3 (67) 42 (23.8) 27 (48) 7 (100) 117 (82) 3 (66.7) 40 (35) 3 (66.7)
Aztreonam 1 (100) 2 (50) 18 (83.3) 11 (81) 2 (100) 22 (59) 1 (0) 11 (36.4) 3 (0)
Ciprofloxacin 118 (95.8) 12 (50) 110 (62.7) 56 (38) 26 (89) 176 (77) 9 (55) 37 (29.7) 12 (41.7)
Ceftazidime 127 (95.3) 11 (45) 63 (72) 53 (62) 16 (75) 146 (82) 7 (57) 171 (31) 10 (50)
Cefotaxime 7 (100) 4 (50) 25 (48) 18 (44.4) 2 (50) 49 (65.3) 2 (50) 4 (75) 0
Tobramycin 30 (43.3) 2 (50) 25 (24) 12 (33.3) 2 (100) 23 (47.8) 1 (0) 20 (10) 3 (0)
Cefepime 124 (96) 9 (44.4) 62 (74) 44 (52) 17 (78) 133 (82.7) 5 (40) 31 (32) 10 (30)
Levofloxacin 97 (4) 5 (60) 66 (62) 32 (13) 20 (80) 127 (79) 7 (42) 28 (10) 7 (57)
Meropenem 79 (91) 3 (66.7) 38 (19) 22 (18.2) 8 (25) 104 (82) 3 (0) 26 (11.5) 3 (33.3)
Colistin 15 (6.7) 0 0 0 0 1 (0) 0 20 (10) 0
Piperacillin/
tazobactam

32 (91) 2 (50) 36 (11) 16 (31) 6 (16.7) 60 (79) 2 (0) 167 (34.7) 3 (33.3)

Tigecycline 16 (50) 2 (100) 25 (4) 13 (15) 0 23 (69) 1 (100) 11 (81) 3 (33.3)
Moxifloxacin 2 (100) 2 (50) 18 (83) 8 (50) 2 (100) 19 (68) 0 2 (50) 3 (100)

Supplementary Table 4: Relative frequency of resistance of Gram‑negative bacteria in 2020
Antibiotics No. of tested organisms (resistance %)

Acinetobacter 
baumannii

Citrobacter 
koseri

Escherichia 
coli

Enterobacter 
cloacae

Proteus 
mirabilis

Klebsiella 
pneumoniae

Morganella 
morganii

Pseudomonas 
aeruginosa

Serratia 
marcescens

Ampicillin 21 (95) 8 (100) 56 (93) 31 (100) 26 (74) 134 (100) 2 (100) 7 (100) 7 (100)
Gentamycin 110 (59) 10 (10) 80 (28) 49 (12) 35 (37) 182 (58) 6 (17) 105 (29) 10 (10)
Amoxicillin/
clavulanate

8 (100) 8 (63) 63 (50) 33 (100) 23 (44) 132 (78) 2 (100) 7 (86) 9 (100)

Trimethoprim/
sulfamethoxazole

114 (15) 10 (60) 80 (70) 48 (25) 33 (60) 173 (85) 5 (40) 10 (50) 10 (100)

Amikacin 89 (81) 9 (12) 72 (7) 47 (7) 32 (22) 170 (57) 6 (0) 23 (61) 7 (15)
Imipenem 95 (94) 8 (25) 66 (8) 42 (24) 10 (90) 156 (58) 6 (50) 94 (24) 8 (25)
Aztreonam 7 (72) 7 (58) 30 (40) 32 (38) 22 (73) 91 (82) 6 (34) 67 (40) 4 (0)
Ciprofloxacin 97 (95) 9 (56) 72 (74) 45 (20) 31 (39) 163 (75) 5 (20) 91 (37) 9 (56)
Ceftazidime 119 (96) 10 (60) 57 (48) 47 (40) 31 (52) 155 (83) 6 (33.3) 109 (27) 9 (45)
Cefotaxime 10 (70) 7 (72) 37 (42) 31 (49) 17 (53) 108 (80) 0 8 (88) 2 (50)
Tobramycin 76 (39) 7 (29) 52 (48) 33 (15) 22 (50) 110 (70) 6 (16) 81 (10) 7 (0)
Cefepime 106 (96) 10 (60) 75 (49) 48 (33) 34 (45) 166 (85) 6 (34) 87 (67) 10 (50)
Levofloxacin 100 (93) 9 (45) 59 (77) 40 (15) 27 (45) 138 (79) 5 (20) 92 (40) 7 (43)
Meropenem 98 (87) 9 (0) 67 (75) 41 (17) 25 (20) 162 (65) 6 (0) 92 (22) 8 (13)
Colistin 68 (15) 2 (0) 6 (17) 9 (33) 3 (100) 79 (30) 0 83 (60) 1 (100)
Piperacillin/
tazobactam

26 (89) 7 (43) 56 (24) 36 (15.5) 25 (16) 129 (68) 6 (17) 105 (28) 7 (14.3)

Tigecycline 64 (55) 7 (0) 54 (13) 36 (17) 8 (88) 137 (53) 6 (67) 18 (90) 7 (0)
Moxifloxacin 8 (75) 7 (58) 50 (76) 29 (52) 18 (78) 107 (90) 2 (0) 7 (72) 7 (57)



Supplementary Table 5: Relative frequency of resistance of Gram‑negative bacteria in 2021
Antibiotics No. of tested organisms (resistance %)

Acinetobacter 
baumannii

Citrobacter 
koseri

Escherichia 
coli

Enterobacter 
cloacae

Proteus 
mirabilis

Klebsiella 
pneumoniae

Morganella 
morganii

Pseudomonas 
aeruginosa

Serratia 
marcescens

Ampicillin 15 (100) 15 (94) 97 (89) 38 (100) 37 (68) 195 (100) 9 (100) 8 (100) 8 (100)
Gentamycin 10 (50) 17 (12) 98 (30) 3 (0) 47 (49) 22768 10 (10) 184 (24) 12 (8.3)
Amoxicillin/
clavulanate

8 (0) 16 (50) 98 (57) 44 (100) 37 (33) 192 (24) 9 (100) 7 (100) 9 (89)

Trimethoprim/
sulfamethoxazole

146 (13) 17 (24) 105 (55) 44 (59) 46 (53) 222 (82) 10 (60) 12 (84) 12 (0)

Amikacin 115 (75) 17 (0) 102 (8) 48 (19) 47 (20) 217 (64) 10 (10) 170 (14) 12 (0)
Imipenem 120 (99) 16 (31) 100 (12) 48 (23) 17 (95) 208 (71) 7 (100) 159 (33) 10 (0)
Aztreonam 8 (0) 13 (54) 42 (33) 37 (46) 33 (55) 126 (79) 9 (33.3) 109 (36) 10 (50)
Ciprofloxacin 134 (96) 16 (44) 105 (59) 47 (34) 41 (38) 209 (77) 9 (33.3) 166 (33) 12 (25)
Ceftazidime 150 (93) 16 (44) 76 (49) 50 (50) 44 (38) 204 (82) 11 (27.3) 192 (34) 12 (50)
Cefotaxime 19 (100) 15 (53) 49 (35) 38 (53) 30 (34) 140 (76) 2 (100) 33 (94) 2 (50)
Tobramycin 106 (32) 15 (27) 77 (29) 39 (29) 34 (57) 151 (72) 9 (0) 119 (14) 10 (20)
Cefepime 147 (35) 17 (42) 106 (63) 50 (36) 46 (44) 226 (85) 10 (20) 166 (38) 12 (25)
Levofloxacin 127 (97) 16 (19) 83 (55) 43 (31) 41 (33) 177 (76) 10 (20) 134 (31) 11 (19)
Meropenem 143 (90) 17 (24) 105 (10) 50 (24) 46 (22) 222 (68) 10 (20) 171 (33) 12 (0)
Colistin 96 (72) 3 (100) 12 (92) 15 (40) 4 (100) 114 (93) 1 (100) 128 (66) 1 (100)
Piperacillin/
tazobactam

35 (83) 16 (94) 100 (23) 45 (43) 41 (25) 196 (73) 9 (12) 180 (37) 10 (40)

Tigecycline 111 (40) 15 (14) 95 (4) 43 (33) 12 (83) 201 (61) 9 (33.3) 35 (97) 12 (33.3)
Moxifloxacin 8 (0) 15 (60) 76 (64) 38 (40) 37 (68) 190 (77) 9 (56) 7 (0) 9 (56)

Supplementary Table 6: Relative frequency of resistance of Gram‑positive bacteria in 2017
Antibiotics No. of tested organisms (resistance %)

Staphylococcus aureus MRSA Enterococcus faecalis Streptococcus Group B

Oxacillin 105 (0.9) 126 (100) 0 0
Penicillin‑G 4 (100) 3 (100) 10 (0) 2 (0)
Erythromycin 103 (13.5) 115 (52) 0 0
Ampicillin 1 (0) 0 10 (0) 2 (0)
Cefoxitin 0 0 0 0
Trimethoprim/sulfamethoxazole 69 (87) 69 (16) 0 0
Gentamycin 7 (0) 0 3 (100) 0
Clindamycin 102 (8) 115 (42) 0 2 (0)
Tetracycline 0 0 0 2 (0)
Linezolid 7 (0) 121 (0) 2 (0) 0
Daptomycin 0 0 0 0
Ciprofloxacin 2 (50) 0 0 0
Amoxicillin/clavulanate 77 (0) 3 (0) 2 (0) 0
Vancomycin 5 (0) 126 (0) 0 0
Levofloxacin 4 (0) 0 0 0
Moxifloxacin 0 0 0 0

MRSA – Methicillin‑resistant Staphylococcus aureus



Supplementary Table 7: Relative frequency of resistance of Gram‑positive bacteria in 2018
Antibiotics No. of tested organisms (resistance %)

Staphylococcus aureus MRSA Enterococcus faecalis Streptococcus Group B

Oxacillin 88 (0) 137 (100) 0 0
Penicillin‑G 2 (50) 2 (100) 8 (12.5) 3 (0)
Erythromycin 81 (14) 111 (30.6) 0 0
Ampicillin 0 0 8 (12.5) 3 (0)
Cefoxitin 0 0 0 0
Trimethoprim/sulfamethoxazole 66 (4.5) 96 (8.3) 0 0
Gentamycin 6 (0) 0 2 (100) 0
Clindamycin 86 (9.3) 122 (26.2) 0 1 (0)
Tetracycline 0 0 0 0
Linezolid 2 (0) 135 (0.7) 3 (0) 0
Daptomycin 0 0 0 0
Ciprofloxacin 1 (0) 0 0 0
Amoxicillin/clavulanate 67 (2.9) 3 (100) 0 0
Vancomycin 2 (0) 135 (0.7) 2 (0) 0
Levofloxacin 0 0 0 0
Moxifloxacin 0 0 0 0

MRSA – Methicillin‑resistant Staphylococcus aureus

Supplementary Table 8: Relative frequency of resistance of Gram‑positive bacteria in 2019
Antibiotics No. of tested organisms (resistance %)

Staphylococcus aureus MRSA Enterococcus faecalis Streptococcus Group B

Oxacillin 90 (4.4) 173 (100) 0 0
Penicillin‑G 10 (80) 33 (100) 11 (0) 8 (0)
Erythromycin 81 (22.2) 143 (42.7) 0 0
Ampicillin 27 (11.1) 53 (43.4) 10 (0) 7 (0)
Cefoxitin 1 (0) 0 0 0
Trimethoprim/sulfamethoxazole 88 (5.7) 128 (14.1) 0 0
Gentamycin 25 (8) 35 (28.6) 0 0
Clindamycin 89 (9) 162 (25.9) 0 1 (100)
Tetracycline 24 (16.7) 33 (30.3) 0 1 (0)
Linezolid 33 (0) 161 (1.9) 2 (0) 1 (0)
Daptomycin 17 (0) 18 (100) 0 0
Ciprofloxacin 20 (45) 22 (50) 0 0
Amoxicillin/clavulanate 50 (4) 20 (100) 0 0
Vancomycin 28 (0) 171 (1.8) 2 (100) 1 (0)
Levofloxacin 25 (32) 33 (39.4) 0 1 (0)
Moxifloxacin 24 (33) 33 (39.4) 0 1 (0)

MRSA – Methicillin‑resistant Staphylococcus aureus

Supplementary Table 9: Relative frequency of resistance of Gram‑positive bacteria in 2020
Antibiotics No. of tested organisms (resistance %)

Staphylococcus aureus MRSA Enterococcus faecalis Streptococcus Group B

Oxacillin 88 (11.4) 101 (99) 0 0
Penicillin‑G 33 (12.1) 72 (100) 9 (55.6) 8 (0)
Erythromycin 88 (23.9) 96 (49) 7 (100) 0
Ampicillin 11 (91) 61 (97) 9 (0) 6 (0)
Cefoxitin 11 (28) 7 (43) 0 0
Trimethoprim/sulfamethoxazole 88 (2.3) 93 (10.8) 0 0
Gentamycin 70 (11.4) 77 (35.1) 4 (50) 0
Clindamycin 98 (11.2) 98 (46) 0 5 (100)
Tetracycline 68 (14.7) 71 (35.2) 7 (85) 5 (60)
Linezolid 76 (0) 94 (1) 5 (0) 5 (0)
Daptomycin 43 (0) 58 (0) 3 (0) 0
Ciprofloxacin 42 (21.4) 58 (60.3) 3 (66.7) 0
Amoxicillin/clavulanate 51 (13.7) 70 (57) 0 0
Vancomycin 77 (2.6) 97 (3.1) 9 (33.3) 4 (0)
Levofloxacin 66 (25.8) 70 (58.6) 7 (57.1) 5 (40)
Moxifloxacin 66 (27.3) 70 (58.6) 0 5 (40)

MRSA – Methicillin‑resistant Staphylococcus aureus



Supplementary Table 10: Relative frequency of resistance of Gram‑positive bacteria in 2021
Antibiotics No. of tested organisms (resistance %)

Staphylococcus aureus MRSA Enterococcus faecalis Streptococcus Group B

Oxacillin 99 (4) 100 (100) 1 (100) 0
Penicillin‑G 33 (87.8) 133 (100) 6 (0) 0
Erythromycin 100 (49) 149 (45.6) 6 (100) 0
Ampicillin 63 (91) 100 (100) 9 (22.2) 6 (0)
Cefoxitin 11 (63.6) 12 (50) 0 0
Trimethoprim/sulfamethoxazole 78 (5.1) 147 (6.7) 0 0
Gentamycin 86 (11.4) 131 (28) 3 (66.6) 0
Clindamycin 102 (31.1) 153 (37.2) 0 6 (100)
Tetracycline 87 (12) 132 (27.2) 5 (100) 6 (100)
Linezolid 61 (0) 147 (1.3) 7 (15) 4 (0)
Daptomycin 63 (0) 94 (1.6) 1 (0) 0
Ciprofloxacin 63 (19.5) 98 (58.1) 1 (100) 0
Amoxicillin/clavulanate 66 (13) 99 (100) 0 0
Vancomycin 95 (3.1) 153 (1.3) 6.1 (16.6) 3 (0)
Levofloxacin 87 (17.2) 130 (58.9) 5.2 (40) 4 (50)
Moxifloxacin 87 (17.2) 129 (58.9) 0 4 (50)

MRSA – Methicillin‑resistant Staphylococcus aureus


