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ABSTRACT
Background: A variety of clinically important pathogens have developed multidrug resistance 
(MDR), which threatens global public health. This study aimed to determine the incidence, 
patterns, and trends of MDR of gram-negative bacterial isolates in clinical specimens in the 
Tamale Teaching Hospital, Ghana.
Methods: This retrospective study analyzed gram-negative bacterial isolates and 
antimicrobial susceptibility test (AST) results of patients who visited the Tamale Teaching 
Hospital laboratory between 2017 and 2019.
Results: A total of 2,779 gram-negative bacterial isolates and their phenotypic AST results 
were analyzed. From these, 1,297 gram-negative bacteria (46.7%) were isolated from urine 
samples, while the rest were isolated from sputum (20.9%), wound (14.3%), and swabs 
(11.7%) samples, etc. Escherichia coli (23.8%) was the most common gram-negative pathogen 
found predominantly in the urine samples (33.2%). All gram-negative bacteria isolated 
between 2017 and 2019 showed high MDR. Klebsiella pneumoniae gradually increased its 
MDR from 84.0% in 2017, 89.5% in 2018, to 95.1% in 2019. On the other hand, the MDR rates 
in Pseudomonas aeruginosa were approximately 65.8%, varying from 59.5% in 2017 to 
78.7% in 2019. Among tested antimicrobials, amikacin was the most effective. Resistance to 
amikacin in Enterobacter spp., E. coli, and K. pneumoniae in vitro were 16.2%, 11.8%, and 
17.7%, respectively.
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Conclusion: The study has shown that the high levels of MDR in gram-negative bacteria 
isolated may be associated with the infections recorded at the Tamale Teaching Hospital. 
The major gram-negative pathogens isolated have resistance to penicillins, cephalosporins, 
and fluoroquinolones. Aminoglycosides can offer high antibiotic activity to overcome gram-
negative bacterial resistance. Further studies will be needed to decide policy direction on 
infection prevention and control, and antimicrobial stewardship programs
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INTRODUCTION
Multidrug resistance (MDR) exists within a wide variety of clinically important pathogens and poses a 

serious and growing global public health threat [1]. In the 2014 global surveillance report on antimicrobial 

resistance, the World Health Organization (WHO) warned of an apocalyptic post-antimicrobial era, a 

possible reality in the 21st century. Antimicrobial resistance is a threat to the prevention and treatment 

of the wide range of diseases caused by infectious pathogens. Viruses, bacteria, parasites, and fungi are 

increasingly becoming resistant to the currently available antimicrobial agents previously effective at treating 

medical conditions due to diseases caused by these microorganisms. Currently, MDR is estimated to cause 

approximately seven hundred thousand deaths globally. If the situation of the trend of resistance persists, 

MDR could result in the deaths of over 10 million people per year [2].

Infections caused by multidrug-resistant bacteria have been particularly challenging in developing 

countries and are mostly accompanied by an increased hospital stay and high rates of morbidity and mortality 

[3]. The threat of antimicrobial resistance in low- and middle-income countries is exacerbated due to several 

practices pervasive in these countries. A study published in 2017 outlined the causes of antimicrobial 

resistance in developing countries to include: widespread unnecessary and overuse of antimicrobials due 

to lack of appropriate regulations in the sales and administration of antimicrobials, counterfeit and low-

quality antimicrobials resulting in sub-inhibitory concentration of in vivo, and high rate of self-medication 

[4]. Ironically, countries in the WHO African region have a problem with the unavailability of data on 

antimicrobial resistance (AMR) [5]. All the reasons ascribed to be causes of antimicrobial resistance in 

developing countries are also prevalent in Ghana and studies on AMR have revealed the existence of 

increasing trends of resistance among several common pathogens [6,7].

Over the years the WHO has developed a list of priorities of organisms deemed as imminent global health 

threats to guide research and new development of antibiotics. The categorization of these priority pathogens 

in three levels of severity includes Pseudomonas aeruginosa, Acinetobacter baumannii, and Enterobacterales, 

which all fall within the critical priority class of organisms. Other description highlights the threat of these 

pathogens to positive clinical outcomes. Several studies have espoused the clinical significance of ESKAPE 

organisms (Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Enterobacter spp.) [8,9]. ESKAPE gram-negative bacteria are among some 
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of the most common organisms implicated in healthcare-associated infections. They are documented to 

be rapidly becoming resistant to commonly used broad-spectrum antibiotics. Not only are these infections 

prone to negative health outcomes, but they also contribute to adverse socio-economic impacts by putting 

a burden on health care systems in low- and middle-income countries [10]. However, there are limited data 

on the rate and burden of multidrug-resistant bacteria, so that it is difficult to accelerate the formulation and 

implementation of policies to respond to the threat of antimicrobial resistance in Ghana. This study aimed 

to determine the incidence and antimicrobial pattern of MDR of gram-negative bacterial isolates in clinical 

specimens cultured at the Tamale Teaching Hospital Laboratory in Ghana from 2017 to 2019.

 

MATERIALS AND METHODS

Setting of study
This retrospective study analyzed gram-negative bacterial isolates and sensitivity test results of patients 

who visited the Tamale Teaching Hospital laboratory in Ghana, West Africa, from January 2017 to December 

2019. This study was conducted with data from the Tamale Teaching Hospital Laboratory. The Tamale 

Teaching Hospital is the only tertiary health care and referral facility responsible for serving patients from 

Northern, Upper West, Upper East, Northern Volta, and parts of the Bono Ahafo Regions of Ghana. All 

isolates were identified by conventional biochemical methods. Only samples that were considered to have 

clinical significance and were expected to be true pathogens were included and duplicated isolates were 

excluded from this study.

Antimicrobial susceptibility testing and determination of MDR
The antimicrobial susceptibility testing (AST) done at the Tamale Teaching Hospital on each of isolated 

gram-negative bacteria adopted the disk diffusion method [11]. The diameter of zone inhibition of a panel 

of antibiotics was determined and interpreted according to the guidelines of the Clinical and Laboratory 

Standards Institute (CLSI) [12]. MDR in this study was defined as non-susceptibility to at least one agent in 

three or more antimicrobial categories according to Magiorakos et al. [13].

AST results analysis
The antimicrobial susceptibility was expressed as a percentage of isolates that were resistant to a particular 

antimicrobial agent among the total number of isolates of the same species. This was calculated on an annual 

basis and trends were assessed from year to year over the entire study period for each bacterial organism. 

Average annual susceptibility over the entire study period was calculated to provide insight into overall 

antimicrobial susceptibility patterns.
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RESULTS
The sex distribution of clinical samples cultured with the gram-negative bacterial isolates was almost equal 

proportions between males and females. The sample cultured from females amounted to 1,407, constituting 

about 51.0% of the total cultures that isolated gram-negative bacteria (Table 1). A total of 1,297 gram-

negative bacteria were isolated from urine samples representing 46.7% of all the isolates followed by isolates, 

from sputum (20.9%), wound (14.3%), and swabs (11.7%).

E. coli (23.8%) was the most common gram-negative bacterial species with predominance from urine 

samples making up 33.2%. Most gram-negative bacteria were isolated from urine samples. As shown in Table 

2, bloodstream infections were dominated by Enterobacter spp. (22.0%) followed by K. pnuemoniae (20.7%). 

Respiratory isolates were dominated by M. catarrhalis (30.1%) and K. pneumoniae (21.0%).

Table 1. The number of cultured gram-negative bacterial isolates distributed among age, sex, and specimen

Characteristic
Age (yr)

Total
<10 10-19 20-29 30-39 40-49 50-59 60-69 ≥ 70

Sex
     Female 162 91 402 300 163 82 81 126 1,407
     Male 156 73 123 159 132 138 170 421 1,372
Specimen
     Aspirates & fluids* 6 8 13 18 12 6 7 4 74
     Blood 52 4 4 5 5 4 3 2 79
     Sputum 20 32 56 61 101 76 86 148 580
     Stool 1 3 6 2 12
     Swabs† 12 21 152 99 28 5 5 2 324
     Tissue 2 2 1 5
     Urine 195 56 213 183 84 99 113 354 1,297
     Wound 30 41 84 76 63 30 37 37 398
Total 318 164 525 459 295 220 251 547 2,779
*Abscess, ascitic fluid, aspirates, pleural effusions, CSF, semens.
†Vaginal swab, endocervical swab, rectal swab, urethral swab, ear swab, eye swab, buccal swab, throat swab.

Table 2. Distribution of GNB from clinical samples cultured in 2017 -2019

Species
No. of isolates in the specimen (%)

Blood GIT Respiratory Urine Wound Total
Acinetobacter baumannii   3 (3.7)   1 (1.7)     3 (0.5)       7 (0.4) -    14 (0.5)
Citrobacter spp.   9 (11.0)   2 (3.3)   44 (7.2)  215 (13.3)   41 (10.1)  311 (11.1)
Enterobacter spp. 18 (22.0)   8 (13.3)   94 (15.3)  159 (9.9)   39 (9.6)  318 (11.5)
Escherichia coli 11 (13.4) 15 (25.0)   43 (7.0)  535 (33.2)   57 (14.1)  661 (23.8)
Klebsiella pneumoniae 17 (20.7) 15 (25.0) 129 (21.0)  389 (24.1)   77 (19.0)  627 (22.6)
Moraxella catarrhalis - - 185 (30.1)       1 (0.1)     1 (0.3)  187 (6.8)
Morganella morganii   1 (1.2)   1 (1.7)     9 (1.5)     46 (2.8)     5 (1.2)    62 (2.2)
Proteus spp.   1 (1.2)   3 (5.0)   20 (3.3)      85 (5.2)   66 (16.3)  175 (6.3)
Providencia rettgeri - - -      13 (0.8)     5 (1.2)     18 (0.6)
Pseudomonas aeruginosa 16 (19.5) 9 (15.0)   87 (14.2)    153 (9.5) 111 (27.4)  376 (13.5)
Salmonella spp.   2 (2.4)   2 (3.3) -         1 (0.1) -       5 (0.2)
Serratia spp.   1 (1.2) -     1 (0.2)         8 (0.4)     3 (0.7)     13 (0.4)
Shigella spp.   3 (3.7)   4 (6.7) -         5 (0.3) -     12 (0.4)
Total 82 (100.0) 60 (100.0) 615 (100.0) 1,617 (100.0) 405 (100.0) 2,779 (100.0)
Abbreviations: GNB, gram-negative bacteria; GIT, gastrointestinal tract.
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MDR rate and antimicrobial profile of major gram-negative bacteria
All gram-negative bacteria isolated from 2017-2019 showed high MDR. Priority gram-negative bacteria 

were determined to have a resistance rate above 60.0% of all antibiotics tested. A. baumannii (83.3%), 

Citrobacter spp. (91.4%), Enterobacter spp. (84.2%), E. coli (88.7%), and K. pneumoniae (88.8%) were all 

determined to have MDR above 80.0%. P. aeruginosa isolated from 2017 to 2019 was determined to have a 

relatively low MDR of 65.8% (Table 3).

Table 3. MDR among isolated gram-negative bacteria (2017-2019)

Species
No. of isolates in a year (% of MDR isolates)

2017 2018 2019 Total 
Acinetobacter baumannii 4 (80.0) 3 (100.0) 3 (75.0) 10 (83.3)
Citrobacter spp. 108 (89.1) 130 (92.9) 50 (98.0) 288 (91.4)
Enterobacter spp. 87 (78.4) 112 (87.5) 73 (86.9) 272 (84.2)
Escherichia coli 193 (83.9) 261 (91.6) 133 (90.5) 587 (88.7)
Klebsiella pneumoniae 152 (84.0) 314 (89.5) 96 (95.1) 562 (88.8)
Moraxella catarrhalis 6 (75.0) 114 (96.6) 48 (96.0) 168 (95.5)
Morganella morganii 9 (81.8) 38 (92.7) 8 (100.0) 55 (91.7)
Proteus spp. 47 (81.0) 80 (89.9) 31 (93.9) 158 (87.8)
Providencia rettgeri 4 (100.0) 9 (100.0) 3 (75.0) 16 (94.1)
Pseudomonas aeruginosa 91 (59.5) 106 (65.8) 59 (78.7) 256 (65.8)
Salmonella spp. 1 (50.0) 2 (66.7) - 3 (60.0)
Serratia spp. 1 (50.0) 10 (100.0) - 11 (91.7)
Shigella spp. 4 (100.0) 5 (83.3) 1 (100.0) 10 (90.9)
Abbreviation: MDR, multidrug resistance.

The data showed a progressive increment in the levels of resistance among gram-negative bacteria from 

2017 to 2019. Citrobacter spp. showed an increase in MDR from 89.1% in 2017 to 98.0% in 2019. K. 

pneumoniae similarly showed increased levels of MDR year on year; 2017 (84.0%), 2018 (89.5%), and 

95.1% in 2019. P. aeruginosa which showed relatively low levels of MDR (65.8%), was still determined 

to demonstrate increased resistance from 2017 (59.5%) to 2019 (78.7%). Resistance to ampicillin was the 

highest among all Enterobacterales tested. Enterobacter spp., E. coli, and K. pneumoniae were demonstrated 

to have a resistance of above 97.0% to ampicillin (Table 4). Gram-negative bacteria showed the highest 

susceptibility to antibiotics in the aminoglycoside class, with amikacin the most effective. Enterobacter 

spp. resistance to amikacin was as low as 16.2%, E. coli and K. pneumoniae were determined to be 

11.8%, 17.7%, respectively (Table 4). A. baumannii demonstrated the highest resistance to amikacin 

with a resistance of 42.8%. All major gram-negative bacteria were shown to have high resistance against 

tetracycline, trimethoprim-sulfamethoxazole, and nalidixic acid (Table 4). There is varied susceptibility to 

fluoroquinolones among different gram-negative bacteria. A. baumannii was determined to have a resistance 

of 28.6% and 30.0% in levofloxacin and ciprofloxacin, respectively. P. aeruginosa was shown to be more 

resistant to levofloxacin (53.7%) as compared to ciprofloxacin with a resistance rate of 39.6% (Table 4).
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Table 4. Resistance profile of major gram-negative pathogens (2017-2019)

Antibiotics
No. of isolates (resistance %)

Acinetobacter baumannii Enterobacter spp. Escherichia coli Klebsiella pneumoniae Pseudomonas aeruginosa
AMK 7 (42.8) 198 (16.2) 383 (11.8) 425 (17.7) 242 (19.4)
AMP NT 156 (98.7) 241 (97.9) 272 (97.4) NT
CFP NT 69 (84.1) 186 (77.4) 188 (88.3) NT
CTX 8 (87.5) 196 (76.0) 448 (69.2) 369 (77.0) NT
CRO 9 (55.5) 242 (73.6) 477 (68.6) 416 (76.7) NT
CXM NT 120 (89.2) 190 (77.4) 206 (84.4) NT
CHL NT 76 (56.6) 136 (50.0) 181 (67.4) NT
CIP 10 (30.0) 287 (42.5) 591 (65.3) 555 (54.1) 354 (39.6)
GEN 12 (33.3) 302 (45.0) 644 (31.7) 579 (46.1) 355 (42.5)
LVX 7 (28.6) 185 (45.4) 410 (70.7) 415 (55.5) 203 (53.7)
NAL NT 91 (82.4) 262 (90.1) 222 (78.8) NT
NIT NT 117 (88.0) 325 (53.2) 269 (90.7) NT
SXT 5 (40.0) 166 (68.7) 275 (89.5) 273 (79.5) NT
TZP 1 (100.0) 95 (83.2) 263 (72.2) 204 (77.5) 88 (77.3)
TET 8 (87.5) 144 (95.1) 309 (96.8) 354 (96.1) NT
Abbreviations: AMK, amikacin; AMP, ampicillin; NT, not tested; CFP, cefoperazone; CTX, cefotaxime; CRO, ceftriaxone;  CXM, cefuroxime; CHL, 
chloramphenicol; CIP, ciprofloxacin; GEN, gentamicin; LVX, levofloxacin; NAL, nalidixic acid; NIT, nitrofurantoin; SXT, trimethoprim-sulfamethoxazole; 
TZP, piperacillin-tazobactam; TET, tetracycline.

DISCUSSION
Epidemiological and laboratory surveillance of bacterial infection and MDR to antibiotics are essential 

for informing antimicrobial stewardship and implementation of infection prevention and control measures 

[14]. This becomes more imperative in low- and middle-income countries where the studies have shown the 

lack of laboratory diagnostic capacity, poor implementation of infection control measures, and a deficit in 

the awareness of infections caused by multidrug-resistant bacteria, which have resulted in high mortality and 

morbidity [15].

The main purpose of this study was to determine the rate of MDR in gram-negative bacteria in a tertiary 

healthcare facility in Ghana. The study observed a high prevalence of infections among children below the 

age of 10 and the elderly above 60. This distribution is similar to the finding by Agyepong et al. [16]. The 

elderly and infants are usually more disposed to infections due to their incompetent immune status. The 

advancing age is commonly associated with risk factors including reduced immunity, co-morbidity with 

other diseases such as non-communicable diseases like diabetes, cardiovascular diseases, and renal disorders, 

while in infants, lack of fully developed immunity, malnutrition, and inadequate hygiene put them at greater 

risk of infections [17-19].

This study observed a urinary tract infection (58.0%) to be the most common form of gram-negative 

bacterial infection with a high disease burden on Northern Ghana’s population. Similar studies in Ghana 

and the Sub-Saharan African region depict similar findings. The finding of this study is comparable to other 

studies that determined similar trends in gram-negative infection patterns [20-22]. Studies in Korea also 

came to the finding implicating Enterobacterales such as E. coli, and K. pneumoniae as the major causative 

organism in urinary tract infections [23]. E. coli (23.8%) and K. pneumoniae (22.6%) were observed to 
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be the most common gram-negative bacterial pathogen responsible for infections among patients in this 

study. Several similar studies conducted in other healthcare facilities in Ghana observed the same trend 

that E. coli and K. pneumoniae have been the most predominant pathogens responsible for infections 

[16,24]. Enterobacter spp., K. pneumoniae, and P. aeruginosa were determined to be the highest causes of 

bloodstream infections accounting for 22.0%, 20.7%, and 19.5%, respectively. The results agreed with a 

similar study done in Rwanda and Gabon which observed the major cause of bloodstream infections to be 

K. pnuemoniae [25,26]. However, a multicenter hospital surveillance study conducted in Korea observed E. 

coli (47.1%) as the major cause of bacteremia in community-acquired bloodstream infection followed by K. 

pneumoniae (12.6%) [27].

The major causative organisms for wound infection in this study were P. aeruginosa (27.4%), K. 

pneumoniae (19.0%), and Proteus spp. (16.3%). These results are comparable to results found in a study 

of wound infection in Ghana where it was observed that the major gram-negative bacteria responsible for 

infection in burns patients were E. coli, K. pneumoniae, and P. aeruginosa [28]. The factors associated with 

wound infections in hospital settings have been suggested to be poorly implemented infection prevention and 

control, personal hygiene, and a lack of proper wound care. This study observed an increase in the trend of 

the rate of resistance to all antibiotic groups among major gram-negative bacteria isolated in northern Ghana 

from 2017 to 2019.

This study determined that the resistance of gram-negative bacteria to commonly prescribed antimicrobial 

was extensive, indicating MDR rates of between 60.0% in Salmonella spp. and 95.5% in M. catarrhalis. 

Major clinically important gram-negative bacteria like P. aeruginosa (65.8%), E. coli (88.7%), A. baumannii 

(83.3%), and K. pneumoniae (88.8%) are reported in Table 3. These results should be interpreted with the 

backdrop that the study site is a tertiary health care referral facility. That would suggest that majority of the 

samples received were from severely ill patients who may have received empirical antimicrobial therapy at 

different levels of the healthcare system. The other factors associated with the observed high levels of MDR 

are accounted for by widespread unnecessary use and overuse of antimicrobials due to lack of appropriate 

regulations in the sales and administration of antimicrobials, counterfeit and low-quality antimicrobials 

resulting in a sub-inhibitory concentration of in vivo, and the high rate of self-medication as stipulated in a 

2017 study of the use of antimicrobials in low- and middle-income countries [4]. This result is comparable to 

studies done in Ghana in a similar setting with the same definition for MDR [20,24]. Agyepong et al. showed 

MDR rates in a tertiary healthcare facility in Ghana to be 89.9% in E. coli, 94.7% in K. pnuemoniae, 100% 

in A. baumannii, and 100% in P. aeruginosa [16]. Our study showed similar patterns except MDR rate of P. 

aeruginosa (65.8%).

The resistance profile of isolated major gram-negative bacteria displayed high-level MDR with high 

resistance to ampicillin: Enterobacter spp. (98.7%), E. coli (97.9%), and K. pnuemoniae (97.4%). Although 

the direct comparison was not reliable due to different antimicrobial susceptibility test agents and MDR 

definitions in each study, the degree of resistance showed in the study was consistent with studies done 

in Ghana [16,20,24] and also agreed with other studies conducted in the sub-Sahara African countries 

such as Ethiopia, Zimbabwe, and Rwanda [29-31]. Resistance to fluoroquinolones among major gram-
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negative bacteria was reported in this study to be range between 28.6% of resistance to levofloxacin in A. 

baumannii and 65.3% of resistance to ciprofloxacin in E. coli. As shown in Table 4, major gram-negative 

pathogens exhibited the least resistance to aminoglycosides. Resistance to amikacin among major pathogens 

isolated was observed to be 42.8% in A. baumannii and 19.4% in P. aeruginosa. Resistance to amikacin 

in Enterobacterales ranged from 11.8% in E. coli to 17.7% in K. pnuemoniae as shown in Table 4. These 

findings were consistent with studies conducted in Ghana [16] and also comparable to studies in other parts 

of Africa [32,33].

The observation of an increased resistance trend in the African sub-region is indicative of high antibiotic 

selection pressure mainly due to easy accessibility of counterfeit antimicrobials with suboptimal inhibitory 

concentrations, high levels of self-medication, and the lack of antimicrobial stewardship programs in 

both communities and health care settings [4]. Based on the observed high level of, and increasing trend 

of resistance among gram-negative pathogens, there is an urgent need for the institution of antimicrobial 

stewardship programs in hospitals and the community. The limitation of this study includes the use of 

retrospective data. The study site used the disk diffusion method which is qualitative in its interpretation of 

susceptibility using CLSI guidelines. The samples were cultured, and an antimicrobial susceptibility test was 

performed in a referral tertiary healthcare facility, and as such the results should be interpreted in that context. 

Therefore, the prevalence of antimicrobial-resistant pathogens in this study might have been exaggerated and 

it was not possible to assess whether the infections were hospital-acquired or community-acquired. 

In summary, the study has shown high levels of multidrug-resistant gram-negative bacteria commonly 

isolated as the causative organisms in a range of infections. The predominant gram-negative bacteria 

implicated in infections in the Tamale Teaching Hospital were E. coli, K. pneumoniae, and P. aeruginosa. 

There was high resistance to penicillins, cephalosporins, and fluoroquinolones among major gram-negative 

pathogens. Aminoglycosides exhibited the least levels of resistance to isolated gram-negative bacteria in 

the Tamale Teaching Hospital. The conduction of nationwide surveillance of MDR is a resource-intensive 

endeavor and has proven to be difficult to be undertaken in low- and middle-income countries. This study 

will help decide policy direction on infection prevention and control, and antimicrobial stewardship programs.

요약
배경: 다제내성은 임상적으로 중요한 다양한 병원체 내에 존재하며, 전세계의 공중 보건에 심각
한 위협을 야기한다. 본 연구는 타말레 교육병원에서 분리된 그람음성세균의 다제내성 발생률, 

양상, 추세를 고찰하였다.

방법: 2017년부터 2019년까지 가나의 타말레 교육병원을 방문한 환자들에서 분리된 그람음성세
균의 항균제 감수성 시험을 후향적으로 분석하였다.

결과: 본 연구에서는 총 2,779개의 그람음성 균주의 표현형 항균제 감수성 시험 결과가 분석되었
다. 소변 검체에서 1,297개의 그람음성 균주가 분리되어 전체 균주의 46.7%를 차지하였고, 그 다
음으로는 객담(20.9%), 창상(14.3%), 그리고 면봉(11.7%) 검체 순으로 그람음성 균주가 흔하게 분
리되었다. 모든 검체로부터 가장 흔히 분리된 균주(비율)는 Escherichia coli (23.8%)였고, 특히 소변 



Multidrug-Resistant Gram-Negative Bacterial Infections in Northern Ghana

Annals of Clinical Microbiology 2022 March Vol.25(1) 9

검체의 33.2%를 차지하였다. 2017년부터 2019년까지 분리된 모든 그람음성 세균은 높은 다제내
성률을 보였다. Klebsiella pneumoniae 균주의 다제내성률은 2017년 84.0%에서 2018년 89.5%, 2019

년 95.1%로 증가하였다. Pseudomonas aeruginosa 균주의 다제내성률은 전체 기간 중 65.8%로 비교
적 낮았지만, 2017년 59.5%에서 2019년 78.7%로 증가하였다. 시험된 항균제 중에서 amikacin이 체
외 시험에서 가장 효과적이었으며, amikacin에 대한 내성률은 Enterobacter 균속, Escherichia coli, K. 

pneumonia에서 각각 16.2%, 11.8%, 17.7%로 나타났다.

결론: 본 연구 결과, 다양한 감염을 일으키는 것으로 흔히 알려진 그람음성세균들의 높은 다
제내성률이 관찰되었다. 타말레 교육병원에서 분리된 주요 그람음성 병원체들은 penicillin, 

cephalosporin, fluoroquinolone에 높은 내성률을 보였고, 시험된 항균제 중 aminoglycoside에서 가장 

낮은 내성률을 기록하였다. 감염 예방과 통제, 항균제 스튜어드십 프로그램 등에 대한 정책 방향
을 결정하기 위해서는 추가 연구가 필요할 것으로 보인다.
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