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Abstract. Sterilization is essential for minimizing pathogen exposure on 

medical instruments used in patient care. The effectiveness of sterilization 

significantly influences the development and spread of microorganism 

resistance in the environment. The third Sustainable Development Goal 

(SDG) focuses on ensuring good health and well-being for all individuals. 

Antibiotic resistance poses a critical challenge to global health, complicating 

efforts to reduce mortality from infections and degenerative diseases. This 

study analyzes the presence of microorganisms and antibiotic resistance 

patterns on medical instruments before and after sterilization, offering 

insights into bacterial spread. Antibiotic resistance testing was performed 

using in vitro culture methods, Gram staining, and bacterial identification 

with the Vitek 2 system. Before sterilization, Staphylococcus hominis ssp. 

hominis was identified with a 99% probability, along with Bacillus sp. on 

Nal Puder instruments, while Pseudomonas stutzeri (Gram-negative) was 

found on instrument trays, also at 99% probability. Following sterilization 

and a 90-day storage period, Staphylococcus hominis ssp. hominis was again 

detected in an open container with a probability of 97%. Antibiotic 

sensitivity testing (AST) revealed an increase in sensitive antibiotics from 12 

types before sterilization to 14 types afterward. The Minimum Inhibitory 

Concentration (MIC) for Benzylpenicillin decreased from 0.25 μg/mL 

(resistant) to ≤0.03 μg/mL (sensitive). These findings highlight the 

importance of effective sterilization practices in controlling the spread of 

resistant microorganisms, supporting global efforts to achieve health-related 

SDGs and enhance infection control in healthcare environments. 
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1 Introduction 

The COVID-19 pandemic has significantly impacted global health, both through the virus 

itself and the increase in antibiotic resistance. Many hospitalized patients experience 

secondary infections, often leading to excessive and inappropriate antibiotic use. This 

situation contributes to the development and spread of antibiotic resistance (AMR), which 

poses a serious challenge in healthcare environments. [1]. 

Healthcare-Associated Infections (HAIs) are a major issue in hospitals, occurring in various 

patient care areas. [2] [3]Environmental contamination plays a critical role in the occurrence 

of HAIs, [4],  and the World Health Organization (WHO) notes that HAIs are responsible 

for high morbidity and mortality rates worldwide. . [5][6] [7] The greatest health threat 

related to HAIs is antibiotic resistance, which is estimated to have caused 1.27 million 

deaths in 2019, with projections of 10 million deaths by 2050 if inappropriate antibiotic use 

continues. [10]Despite the life-saving potential of antibiotics over the past 80 years, 

increasing bacterial resistance levels threaten the effectiveness of antibiotics for previously 

treatable bacterial infections. [11]. [12]. 

Bacteria possess the ability to adapt over time, allowing them to develop resistance to 

antibiotics. [13]. The spread of resistance genes from environmental bacteria to human 

pathogens can be minimized through vector control and management of abiotic factors such 

as waste, soil, and water. [14] [15]   Contamination of medical instruments can serve as a 

breeding ground for pathogenic microorganisms. Effective sterilization processes are 

crucial for eliminating potential infectious contaminants on medical instruments and 

breaking the chain of infection. [16] [18] If not performed properly, contaminants can 

proliferate and form biofilms, [14]., making bacteria more resistant to treatment. [19] [20] 

[22][23] Environmental prevention and control are vital in reducing the spread of resistant 

bacteria. [21] [24] 

In the context of Sustainable Development Goal (SDG) 3, which aims to ensure healthy 

lives, the challenge of antibiotic resistance is highly relevant. [25] Environmental control 

efforts through effective sterilization practices can contribute to achieving this goal. This 

study aims to examine patterns of contamination and antibiotic resistance on medical 

devices, [26] as well as their implications for decontamination processes and infection 

control in hospitals. It is hoped that the findings of this research will inform policy directions 

for developing more effective and sustainable infection control strategies, thereby 

enhancing environmental management in healthcare services. 

2 Literature review 

Antimicrobial resistance (AMR) is a pressing global issue that requires a One Health 

approach, linking human, animal, and environmental health. Excessive use of antimicrobials 

in healthcare and agriculture has contributed to the development and spread of bacterial 

resistance. Bacterial resistance is defined as the natural ability of bacteria to evade the 

effects of antimicrobials, occurring through various mechanisms such as enzyme production 

that degrades antibiotics, changes in cell membrane permeability, and structural 

modifications of drug targets. [27][28]. 

One of the primary causes of the spread of antibiotic resistance genes (ARG) is poor 

infection control practices and inappropriate antimicrobial use. In this context, sterilization 

processes are crucial for eliminating all forms of microbial life, including spores, which can 

increase the risk of infection. [28][29].Various sterilization methods, such as steam, dry 
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heat, ethylene oxide gas, and chemicals, are employed to break the chain of resistant bacteria 

transmission. [30][33]. 

Antimicrobial susceptibility testing (AST) also plays an important role in determining 

effective therapies and supporting the achievement of Sustainable Development Goal 3 

related to health and well-being. Through this testing, more precise treatment decisions can 

be made, contributing to a reduction in mortality rates from infectious diseases and 

enhancing public health. [29][31]. However, antibiotic resistance in the environment can 

exacerbate global health problems, making it vital to monitor and control its spread. [32]. 

3 Methods 

This study was conducted in vitro in a clinical microbiology laboratory to evaluate the 

presence and resistance of bacteria on seven types of medical instruments. The 

instruments sampled included anatomical tweezers, surgical tweezers, artery clamps, 

open containers, instrument trays, Nal Puder, and tissue scissors. To begin the research, 

preparation of tools and materials was carried out. The tools used included matches, 

petri dishes, a biosafety cabinet, a spirit lamp, sterile containers, inoculating loops, and 

sterile swabs. Required materials included aquabidest and blood agar media. 

Once all tools and materials were ready, samples were collected from each instrument. 

These samples were incubated for 24 hours at 37°C. After incubation, Gram staining 

was performed to identify bacterial species. This procedure utilized a microscope and 

glass slides, along with several reagents: crystal violet, Lugol’s iodine, acetone, and 

safranin, concluding with rinsing using aquabidest. 

For bacterial identification and resistance testing, a single colony of bacteria was taken 

and divided into two tubes. The first tube was prepared for identification testing, while 

the second was for antibiotic resistance testing. Each tube was filled with a 0.45% NaCl 

solution at pH 5.0, where the bacterial colony was homogenized to create a uniform 

suspension. 

The turbidity of the inoculum was measured using a Densichek device. The 

measurement procedure involved inserting the tube into the measurement hole on the 

Densichek and rotating it for two seconds. The measurement results were compared to 

McFarland turbidity standards, which range from 0.05–0.63 for Gram-positive bacteria 

and 1.8–2.2 for yeast. After identification, antibiotic sensitivity testing was performed 

using test strips. The second tube was used to determine the bacteria's sensitivity to 

various antibiotics. The Vitek 2 card was placed in the correct order; the blue tubing 

was used for identification, and the gray tubing for Antimicrobial Susceptibility Testing 

(AST). 

to infection spread. Research on the impact of human activities on these reservoirs aligns 

with SDG 6, which emphasizes the importance of good sanitation and water management 

to prevent disease transmission. [31].  The spread of resistant bacteria through wastewater 

and food highlights the complex interactions between human health and the environment. 

[32].  This situation illustrates the challenges in achieving SDG 12 regarding responsible 

consumption and production, which emphasizes the need for sustainable resource use in 

medical practices. Understanding the mechanisms and factors influencing AMR, as well as 

its public health impacts, is crucial for formulating more effective strategies to control 

antimicrobial resistance spread. [34]. 
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4 Result and Discussion 

Table 1. Results of in vitro microbiological tests showing bacterial identification on medical 

instruments before sterilization using the Vitek 2 system. 

No Medical Instrument 
Bacterial 

Subspecies 
Probability 

1 Bak instrumen 
Psedumonas 

Stutzery 
99% 

2 Nal puder 

Staphylococcus 

hominis ssp 

hominis 

99% 

In this study, the identification of microorganisms on medical instruments yielded 

significant results. Pseudomonas stutzeri was detected on the instrument tray with a 

probability of 99%. This bacterium is classified as Gram-negative, aerobic, and non-

fluorescent, which are common characteristics within the Pseudomonas genus. On the 

other hand, the Nal Puder instrument identified Staphylococcus hominis ssp. hominis 

with the same probability of 99%. This bacterium is Gram-positive and belongs to the 

Staphylococcus genus.  These identification results reflect a high level of confidence, 

with the Vitek 2 system demonstrating accuracy ranging from 97% to 99%. These 

findings underscore the importance of utilizing accurate microbiological identification 

methods to detect contaminants on medical instruments, which can contribute to 

infection control and the prevention of pathogen spread in healthcare settings. 

Table 2. AST Results from the Vitek 2 System for Medical Instruments - Instrument Tray with 

Gram Negative Bacteria Pseudomonas stutzeri. 

No Antimicrobial *MIC 

(µg/mL) 

Interpretation 

1 Piperacillin / 

Tazobactam 

<= 4  Sensitif 

2 Ceftazidime <=1  Sensitif 

3 Cefriaxone <=1  Sensitif 

4 Cefepime <=1  Sensitif 

5 Aztrenonam <=1  Sensitif 

6 Meropenem <=0,25  Sensitif 

7 Amikacin 4  Sensitif 

8 Gentamycin <=1  Sensitif 

9 Ciprofloxacin <=0,25  Sensitif 

10 Tigecycline <=0,5  Sensitif 

11 Trimethoprim/ 

Sulfamethoxa

zole 

<=20 Sensitif 
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From the AST results obtained using the Vitek 2 system, Pseudomonas stutzeri showed 

sensitivity (S) to eleven types of antibiotics. This indicates that Pseudomonas stutzeri 

is highly responsive to antibiotics, reflecting a good sensitivity profile for effective 

inhibition against the bacteria. 

Table 3: Antibiotic Resistance Testing (AST) Results for Medical Instruments Before 

Sterilization Using the Vitek 2 System - Nal Puder Instrument with Gram-Positive Coccus 

Staphylococcus hominis sp. hominis 

No Antimicrobial *MIC 

(µg/mL) 

Interpretation 

1 Benzylpenicilin 0,25 Resisten 

2 Oxacillin <=0,25 Sensitif 

3 Gentamicin <=0,5 Sensitif 

4 Ciprofloxacin <=0,5 Sensitif 

5 Levofloxacin <=0,12) Sensitif 

6 Moxifloxacin <=0,25 Sensitif 

7 Erytrhromycin <=0,25* Intermediate 

8 Clindamycin >=8 Resisten 

9 Quinupristin / 

Dalfopristin 

1 Sensitif 

10 Linezolid 2 Sensitif 

11 Vancomycin <=0,5 Sensitif 

12 Tetracyclin >=16 Resisten 

13 Tigecycline <=0,12 Sensitif 

14 Nitrofurantoin <=16 Sensitif 

15 Rifampicin <=0,5 Sensitif 

16 Trimethoprim / 

Sulfamethoxazole 

<=10 Sensitif 

The results of the Antibiotic Susceptibility Testing (AST) using the Vitek 2 system 

indicate that Staphylococcus hominis ssp. hominis exhibited resistance (R) to several 

antibiotics, including benzylpenicillin, clindamycin, and tetracycline. This resistance 

suggests that the bacteria cannot be effectively eliminated by antibiotics that were 

previously effective for treating infections, complicating infection control efforts. 

Additionally, the testing showed an intermediate (I) interpretation for erythromycin, 

indicating that this antibiotic may still be effective, but its efficacy is limited. Treatment 

may be successful if administered at higher doses or in areas of the body where the drug 

concentration can reach adequate levels. This intermediate category also suggests the 

potential for developing resistance, which could affect the antibiotic's effectiveness. On 

the other hand, the sensitive (S) interpretation indicates that the microbes are still highly 

responsive to certain antibiotics, demonstrating a good inhibitory effect. These results 

highlight the importance of monitoring antibiotic resistance to ensure appropriate 

therapies are employed for controlling infections caused by this bacterium. 
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Table 4: In Vitro Microbiological Testing Results - Identification of Bacteria on Medical 

Instruments Before Sterilization Using the Vitek 2 System 

Medical 
Instrument 

Bacterial 
Subspecies 

Probability 

Open 
container 

Staphyloco
ccus hominis 

ssp hominis 

97 

Table 5: Antibiotic Resistance Testing (AST) Results for Medical Instruments After 

Sterilization Using the Vitek 2 System - Open Container Instrument with Gram-Positive 

Coccus Staphylococcus hominis ssp. Hominis 

No Antimicrobial 
*MIC 

(µg/mL) 

Interpretati

on 

1 Benzylpenicillin < 0,03 Sensitif  

2 Oxacillin <=0,25 Sensitif 

3 Gentamycin <=0,5 Sensitif 

4 Ciprofloxacin <=0,5  Sensitif 

5 Levofloxacin <=12 Sensitif 

6 Moxifloxacin <0,25 Sensitif 

7 Erytromycin >=8 Resisten 

8 Clindamycin >=8 Resisten 

9 
Quinupristin/ 

Dalfopristin 

<=0,25 Sensitif 

10 Linezolid  2 Sensitif 

11 Vancomycin <=0,5 Sensitif 

12 Tetracycline <=1 Sensitif 

13 Tigecycline <=0,12 Sensitif 

14 Nitrofurantoin <=16 Sensitif 

15 Rifampicin <=0,5 Sensitif 

16 
Trimethoprim 

/Sulfamethoxazole 

<=10 Sensitif 

MIC : Minimum Inhibitory Concentration 

The Antibiotic Susceptibility Testing (AST) results using the Vitek 2 system indicated 

a change in antibiotic sensitivity patterns, with the number of sensitive antibiotics 

increasing from 12 types before sterilization to 14 types after sterilization. This finding 

highlights a shift in resistance patterns, particularly concerning benzylpenicillin. Before 

sterilization, the Minimum Inhibitory Concentration (MIC) for benzylpenicillin was 

recorded at 0.25 μg/mL, indicating resistance. However, after sterilization, the MIC 

significantly decreased to ≤0.03 μg/mL, showing that the bacteria are now sensitive to 

this antibiotic. This change underscores the importance of sterilization in controlling 

antibiotic resistance and enhancing treatment efficacy. 

Antibiotic resistance is a global health issue that threatens the achievement of the 

Sustainable Development Goals (SDGs), particularly in relation to health and well-

being (SDG 3). This research emphasizes the importance of infection control through 

effective sterilization practices as a strategy to address this challenge. The increasing 



 

10             W. Hapsari et al.

antibiotic resistance, as observed in Staphylococcus hominis ssp hominis resistant to 

benzylpenicillin and clindamycin, presents difficulties in treating infections. 

This bacterium displays a varied resistance pattern, reflecting the impact of 

inappropriate antibiotic use and ineffective infection control measures. In a global 

context, such resistance can lead to increased morbidity and mortality, along with 

higher healthcare costs. Conversely, the study results indicate that Pseudomonas 

stutzeri remains sensitive to many antibiotics, providing hope that appropriate 

interventions can improve the situation. [33][34][35], 

However, the resistance patterns observed in Staphylococcus hominis necessitate 

ongoing monitoring and stricter infection control strategies. [36] [37] [38][39]The 

aforementioned findings demonstrate a more diverse resistance profile, with the 

bacterium resistant to benzylpenicillin and clindamycin, [40]presenting potential issues 

in treating infections caused by this strain. Nevertheless, this bacterium remains 

sensitive to several critical antibiotics, including oxacillin, gentamicin, and 

ciprofloxacin. The intermediate interpretation for erythromycin indicates the need for 

special attention when administering antibiotics, as there is a potential risk for 

developing resistance in the future. [41] 

The results of this study have implications for infection control, emphasizing the 

importance of implementing strict sterilization procedures to manage the infection risks 

associated with medical devices. The decrease in pathogens and changes in antibiotic 

sensitivity patterns following the sterilization process indicate that effective 

interventions can enhance patient safety. Additionally, strict monitoring of antibiotic 

resistance patterns should be an integral part of infection control policies in hospitals. 

[43] [23]By continuously monitoring and evaluating antibiotic resistance, healthcare 

facilities can take proactive steps to prevent the spread of infections and resistance. [44] 

5 Conclusion 

Antibiotic resistance is a serious challenge that requires global attention. This study 

demonstrates that infection control through effective sterilization practices can be a 

crucial strategy in achieving SDG 3. By reducing resistance and enhancing treatment 

efficacy, we can protect public health and ensure the sustainability of global health 

systems. Collaborative efforts focused on good infection control practices are essential 

steps to tackle the challenge of antibiotic resistance in the future. 
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