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Abstract: Multidrug resistant bacteria pose a significant threat to global health, particularly in healthcare 

settings. This study aimed to explore the potential of aminoglycoside consumption and resistance data to 

correlate with multidrug resistance in Acinetobacter baumannii and Klebsiella pneumoniae. Data on 

aminoglycoside consumption and antibiotic resistance indices (ARI) were collected from 2010 to 2023. 

Descriptive statistics and Pearson correlation analyzes were performed to examine both immediate and 

delayed (one-year delay) correlations between aminoglycoside use (amikacin, tobramycin, gentamicin) and 

resistance patterns. The results indicated that the consumption of amikacin was consistently high and 

correlated with resistance in both bacterial species. Tobramycin and gentamicin showed variable resistance 

patterns, with negative correlations in some cases. Delayed effect analysis revealed that amikacin and 

tobramycin consumption had a slight delayed positive impact on multidrug resistance in A. baumannii, while 

gentamicin use was associated with a delayed reduction in resistance. In K. pneumoniae, gentamicin showed a 

strong delayed positive correlation with multidrug resistance, while amikacin and tobramycin had weaker 

associations. These findings highlight the complex and species-specific relationships between aminoglycoside 

consumption and resistance development, emphasizing the need for customized antibiotic management 

strategies that account for the immediate and delayed effects of antibiotic use. 
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1. Introduction 

Multidrug resistant bacteria constitute a significant risk to the overall well-being of the global 

population, constituting a substantial obstacle for healthcare systems [1]. Anticipating and predicting 

the emergence of multidrug resistance is crucial to designing efficient treatment plans and controlling 

the spread of these species. This study examines the potential of aminoglycoside resistance data to 

predict multidrug resistance in two medically important bacterial species, Acinetobacter baumannii 

and Klebsiella pneumoniae. These bacteria are notorious for causing serious and difficult-to-treat 

diseases. 

A. baumannii, a Gram-negative nosocomial pathogen, has attracted considerable interest due to 

its impressive capacity to acquire resistance to many drugs, including carbapenems [2–4]. The 

tendency of this species for nosocomial infections, specifically in severely ill patients, and its ability 

to adapt to different surroundings have made it a significant menace to public health worldwide [5]. 

A. baumannii exhibits resistance mechanisms such as acquisition of β-lactamases, increased activity 

of multidrug efflux pumps, modification of aminoglycosides, decrease in permeability, and changes 

in antibiotic target structures [4]. Moreover, its effectiveness in hospital settings is due to its capacity 

to create long-lasting biofilms, which improve its ability to survive and spread [2]. Nevertheless, in a 

prior study, we noted that the susceptibility to aminoglycosides in this particular species varies 

significantly over time [6]. 
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K. pneumoniae, also a Gram-negative bacterium, is a notable cause of nosocomial infections and 

the development of drug-resistant strains. Similar to A. baumannii, K. pneumoniae has also acquired 

resistance to a wide spectrum of antibiotics, including carbapenems, through several mechanisms 

such as the synthesis of carbapenemases, modification of the permeability of the outer membrane, 

and increased expression of efflux pumps [7,8]. Infections caused by these strains of K. pneumoniae 

that are resistant to several drugs have been linked to higher rates of illness and death, placing a 

significant load on healthcare systems [9]. 

The objective of this study is to examine the possible correlation between aminoglycoside 

resistance and the emergence of multidrug resistance in A. baumannii and K. pneumoniae isolates. 

Aminoglycoside resistance has been identified as a preliminary stage in the formation of more 

extensive resistance patterns in different types of bacteria, indicating that it could potentially function 

as an early sign of the advent of multidrug resistance [10]. Through the examination of 

aminoglycoside resistance patterns and their relationship with multidrug resistance in these two 

bacterial species, our aim is to gain valuable knowledge that can be used to improve the creation of 

more efficient surveillance and intervention methods to combat the proliferation of multidrug 

resistant strains. 

2. Materials and Methods 

2.1. Study Setting 

Data were collected corresponding to the period from 1 January 2010–31 December 2023, at the 

Department of Medical Microbiology, University of Szeged, Hungary. Data collection was carried 

out electronically, in the laboratory information system records, corresponding to samples positive 

for A. baumannii and K. pneumoniae. Data were exported from the clinical microbiology laboratory 

information system (MedBakter, Asseco Central Europe Ltd., Hungary) and were reported into a 

customized database. Data included the types of specimens, isolate species, and antimicrobial 

susceptibility patterns. The results of antimicrobial susceptibility tests were determined and 

interpreted according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) 

[11]. 

2.2. Data Analysis 

Data were exported from the laboratory information system into MS Excel 2016 (Microsoft Corp., 

Redmond, WA, USA) and GraphPad Prism version 8 (GraphPad Software, San Diego, CA, USA). MS 

Excel 2016 was used to store the data and to determine the different antibiotic resistance index (ARI) 

curves. 

2.3. Calculating Antibiotic Resistance Index 

To calculate the ARI, the model for measuring antibiotic resistance used by De Socio et al. was 

followed [12]. Briefly, for each antibiotic tested, a score of 0 was assigned for susceptibility, 0.5 for 

intermediate resistance, or 1 for resistance, and the ARI was calculated by dividing the sum of these 

scores by the number of antibiotics tested, giving a maximum score of 1. 

2.4. Statistical Analysis 

To analyze the relationship between aminoglycoside consumption and antibiotic resistance 

indices (ARI) for A. baumannii and K. pneumoniae, various statistical methods were used. Initial 

descriptive statistics, including means and ranges, were calculated for aminoglycoside consumption 

and ARI values over the study period from 2010 to 2023 to provide an overview of data distribution 

and variability. Pearson correlation coefficients were computed to assess the strength and direction 

of the linear relationship between aminoglycoside consumption and ARI values. This analysis was 

performed for the annual consumption of each aminoglycoside (amikacin, tobramycin, and 

gentamicin) and the corresponding ARI values within the same year for both A. baumannii and K. 
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pneumoniae, as well as for the annual consumption of each aminoglycoside and the corresponding 

ARI values with a one-year delay to evaluate the delayed effects of antibiotic use on resistance. P-

values were calculated to determine the statistical significance of Pearson correlation coefficients, 

with a p-value of less than 0.05 considered statistically significant. All statistical calculations and data 

visualization were performed using GraphPad Prism version 8 to create scatter plots and trend lines, 

facilitating the interpretation of correlation analyses and the identification of patterns and trends over 

time. 

3. Results 

3.1. Consumption and ARI Statistics for the Three Aminoglycosides Tested 

In the first stage of our study, we analyzed data about the consumption and ARI of 

aminoglycosides tested for A. baumannii and K. pneumoniae. Amikacin continuously showed the 

greatest levels of consumption, ranging from around 1000 to 1500 grams per year, while the usage of 

tobramycin remained relatively low, with slight fluctuations around 100 grams per year (Figure 1A). 

The use of gentamicin was moderate, ranging from 300 to 600 grams per year (Figure 1A). These data 

revealed that there was significant heterogeneity in the total use of aminoglycosides, with amikacin 

being the most commonly used, followed by gentamicin and tobramycin. 

An analysis was conducted on the ARI for the three aminoglycosides in the case of A. baumannii 

(Figure 1B). Amikacin has a consistently high ARI near 1.0, which indicates a high level of resistance. 

On the other hand, tobramycin and gentamicin have more variability, as indicated by ARI values that 

fall below 1.0 in many years, indicating alterations in resistance levels. 

The same analysis was performed for K. pneumoniae (Figure 1C). The ARI for amikacin remains 

high, further highlighting its significant association with resistance. Tobramycin and gentamicin have 

more prominent variations, and some years demonstrating low resistance indices. 

The analysis revealed an intricate connection between aminoglycoside intake and the 

development of resistance, specifically suggesting a substantial association between amikacin 

consumption and resistance for A. baumannii and K. pneumoniae. 
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Figure 1. Consumption and ARI of aminoglycosides between 2010 and 2023. (A) Annual consumption 

of amikacin, tobramycin, and gentamicin in grams from 2010 to 2023 (B) ARI data for amikacin, 

tobramycin, and gentamicin in the case of A. baumannii during the same period. (C) ARIs for 

aminoglycosides in the case of K. pneumoniae from 2010 to 2023. The dashed line represents the mean 

ARI of all three aminoglycosides. 

3.2. Temporal Correlation Dynamics Between Aminoglycoside Consumption and Resistance Indices 

In the next phase of our study, we examined the detailed correlation between aminoglycoside 

consumption and ARI data for A. baumannii. Consumption of amikacin and its ARI had a Pearson 

correlation value (r) of 0.29, showing a slight positive association (Figure 2A). On the other hand, 

tobramycin correlation between the consumption and its ARI showed a correlation coefficient of -

0.16, indicating a weak negative correlation (Figure 2B). The use of gentamicin was more negatively 

correlated with ARI, as shown by a correlation value of -0.42 (Figure 2C). These findings demonstrate 

a mild correlation between amikacin consumption and the development of resistance in A. baumannii. 

Tobramycin and gentamicin exhibit different patterns in this regard. 

Notable associations were also observed during the analysis of the use of aminoglycosides and 

ARI data for K. pneumoniae. The correlation between amikacin use and its ARI is represented by a 

Pearson correlation coefficient of 0.39, which indicates a moderate positive correlation (Figure 3A). 

On the other hand, the relationship between the amount of tobramycin consumed and its associated 

ARI shows a correlation coefficient of -0.42, suggesting a moderate negative association (Figure 3B). 

The intake of gentamicin is weakly negatively correlated with ARI, as shown by a Pearson correlation 

value of -0.25 (Figure 3C). The results indicate a clear link between the use of aminoglycosides and 

the development of resistance in K. pneumoniae. Amikacin shows a moderate positive correlation, 

while tobramycin and gentamicin have negative associations. 
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Figure 2. The correlation between the amikacin (A), tobramycin (B) and gentamicin (C) consumption 

and ARI values for A. baumannii. 
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Figure 3. The relationship between the consumption of amikacin (A), tobramycin (B), and gentamicin 

(C) in grams and the values of ARI for K. pneumoniae. 

In the subsequent stage of the investigation, we analyzed the correlation between the 

consumption and ARI of aminoglycosides in A. baumannii with a one-year delay, to explore the 

delayed impact of antibiotic use on the development of resistance. Consumption of amikacin and its 

ARI exhibited a Pearson correlation value (r) of 0.27, demonstrating a slight positive association 

(Figure 4A). This indicates that there is a correlation between increased use of amikacin in the 

previous year and an increase in resistance in the upcoming one. However, the relationship between 

the amount of tobramycin consumed and its ARI showed a Pearson correlation value of -0.23, 

suggesting a mild negative connection (Figure 4B). The intake of gentamicin was somewhat 

negatively correlated with ARI, as shown by a correlation value of -0.42 (Figure 4C). The data 

presented indicate that there is a variable relationship between aminoglycoside consumption and the 

emergence of resistance in A. baumannii. Amikacin shows a slight positive association, while 

tobramycin and gentamicin show negative correlations, highlighting the delayed effect of these 

antibiotics. 
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Figure 4. The relationship between the amount of amikacin (A), tobramycin (B), and gentamicin (C) 

used in the previous year and their ARI for A. baumannii in the next year. 

Interesting associations were observed when we analyzed the consumption of aminoglycosides 

and ARI for K. pneumoniae with a one-year delay. The association between amikacin consumption 

and its ARI was represented by a Pearson correlation coefficient of 0.29, showing a modest positive 

correlation (Figure 5A). This indicates that a greater amount of amikacin used in the previous year is 

associated with a rise in resistance in K. pneumoniae. On the other hand, the relationship between the 

amount of tobramycin consumed and its ARI showed a Pearson correlation value of -0.42, which 

indicates a mild negative association (Figure 5B). The intake of gentamicin is somewhat negatively 

correlated with ARI, as shown by a correlation value of -0.25 (Figure 5C). These results demonstrate 

that there is a fluctuating relationship between aminoglycoside intake and the development of 

resistance in K. pneumoniae. Specifically, amikacin in this species also exhibits a mild positive 

connection, while tobramycin and gentamicin show negative correlations. This again highlights the 

delayed effects of antibiotic consumption on the development of resistance. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 July 2024                   doi:10.20944/preprints202407.1013.v1

https://doi.org/10.20944/preprints202407.1013.v1


 8 

 

 

Figure 5. The correlation between the quantity of amikacin (A), tobramycin (B), and genatmicin (C) 

administered in the preceding year and the ARI of these medications for K. pneumoniae in the next 

year. 

In the following phase of our investigation, we analyzed the ARI of meropenem, as meropenem 

resistance is a reliable indicator of multidrug resistance for both bacterial species, in the context of 

aminoglycoside resistance. Examination of aminoglycoside ARIs revealed that the values for 

tobramycin, gentamicin, and amikacin were consistently high, with values near 1.0 (Figure 6). 

However, significant fluctuations were also observed for tobramycin and gentamicin. On the ARI 

other hand, the meropenem also exhibited notable oscillations, suggesting that there were changes in 

the levels of multidrug resistance over time. These results suggest an intricate interaction between 

aminoglycoside and meropenem resistance. 
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Figure 6. ARI values for aminoglycosides and meropenem in the case of A. baumannii between 2010 

and 2023. 

To gain a clearer understanding of this complex relationship, we also examined the correlation 

of ARI values of each aminoglycoside and meropenem in A. baumannii.  

The relationship between amikacin ARI and meropenem ARI is characterized by a correlation 

coefficient of 0.18, suggesting a modest positive connection (Figure 7A). The link between the ARI of 

tobramycin and meropenem was characterized by a Pearson correlation value of 0.08, showing a very 

modest positive correlation (Figure 7B). The Pearson r value between the ARI of gentamicin and 

meropenem is -0.01, showing a very weak negative association (Figure 7C). These findings indicate 

that while amikacin shows a modest positive correlation with meropenem ARI, tobramycin and 

gentamicin exhibit minimal associations, suggesting a complex and varied relationship between 

aminoglycoside resistance and multidrug resistance in A. baumannii. 
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Figure 7. Pearson correlations between ARI of different aminoglycosides and meropenem in A. 

baumannii. 

Examining ARI of different aminoglycosides and the multidrug resistance indicator meropenem 

reveals different trends in the case of K. pneumoniae (Figure 8). ARIs for tobramycin, gentamicin, and 

amikacin exhibited high variability, with values shifting considerably throughout the measured time 

frame. On the contrary, the meropenem ARI has lower overall values compared to the 

aminoglycosides and demonstrates less variability, indicating a somewhat constant but lower degree 

of multidrug resistance during the investigated time. Thus, meropenem ARI demonstrated 

multidrug resistance at a lower level in K. pneumoniae, serving as a strong contrast to the more 

prevalent multidrug-resistant A. baumannii. 
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Figure 8. ARI over time for aminoglycosides and meropenem in K. pneumoniae between 2010 and 2023. 

The y-axis on the left indicates the aminoglycoside ARI values, whereas the y-axis on the right shows 

the ARI meropenem. 

Examination of the Pearson correlation between the antibiotic resistance indices of these 

aminoglycosides and meropenem demonstrated clear and separate associations. The association 

between amikacin ARI and meropenem ARI is characterized by a Pearson correlation coefficient of -

0.08, suggesting a very weak negative correlation (Figure 9A). The link between tobramycin and 

meropenem was shown by a Pearson correlation coefficient of -0.01, suggesting a very weak negative 

correlation (Figure 9B). The correlation coefficient between gentamicin and the meropenem ARI is 

0.03, showing a very weak positive link (Figure 9C). These findings indicate that the associations 

between aminoglycoside ARIs and meropenem ARI in K. pneumoniae are minimal, with tobramycin 

and amikacin showing very weak negative correlations and gentamicin showing a very weak positive 

correlation, highlighting the complexity of resistance mechanisms in this species. 

To better understand this complex scenario, in the next part of our work, we compared the 

consumption data of each aminoglycoside separately for the two species with the meropenem ARI. 

According to the statistics, the use of amikacin differs significantly and remains higher than other 

aminoglycosides on average (Figure 10). Consumption experiences substantial fluctuations during 

the period under investigation. However, gentamicin and tobramycin show more stable and 

decreased patterns of use. In addition, the ARI of the meropenem for A. baumannii exhibits a 

fluctuating but increasing pattern of resistance over the years. 
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Figure 9. Pearson correlations between ARI of various aminoglycosides and meropenem in K. 

pneumoniae. 

 

Figure 10. Analysis of aminoglycoside intake and meropenem resistance in K. pneumoniae from 2010 

to 2023. The left y-axis represents the yearly intake of aminoglycosides in grams, whereas the right y-

axis represents the ARI meropenem. 
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In order to ascertain if the use of certain aminoglycosides is associated with the occurrence of 

multidrug resistance, we conducted a separate analysis of the consumption data for each individual 

aminoglycoside in connection to the meropenem ARI data. The yearly intake of amikacin and 

meropenem ARI for A. baumannii exhibited a Pearson correlation coefficient of 0.2, showing a slight 

positive link (Figure 11A). This indicates that there is a correlation between increased yearly use of 

amikacin and increased resistance to multidrug. The annual intake of tobramycin has a very modest 

negative connection with ARI of the meropenem, as shown by a Pearson correlation coefficient of -

0.04 (Figure 11B). These findings suggest that increased yearly tobramycin use is not correlate with 

multidrug resistance in A. baumannii. However, the relationship between the amount of gentamicin 

used each year and the appearance of meropenem antibiotic resistance reveals a Pearson correlation 

value of -0.32, showing a moderate negative connection (Figure 11C). These findings together imply 

that amikacin exhibits a weak positive connection, tobramycin exhibits a weak negative correlation, 

and gentamicin exhibits a substantial negative correlation with multidrug resistance indicator 

meropenem ARI. 

 

Figure 11. Correlation between annual amikacin (A), tobramycin (B), and gentamicin (C) 

consumption and meropenem ARI in A. baumannii. 

In the next part of our work, we compared the consumption data of each aminoglycoside with 

the meropenem ARI for K. pneumoniae (Figure 12). The ARI of meropenem exhibited a fluctuating 

low pattern of resistance over the years, indicating variable decreased levels of multidrug resistance. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 July 2024                   doi:10.20944/preprints202407.1013.v1

https://doi.org/10.20944/preprints202407.1013.v1


 14 

 

 

Figure 12. Correlation between annual aminoglycoside consumption and ARI meropenem in K. 

pneumoniae. (A) Pearson correlation between annual amikacin consumption (in grams) and ARI 

meropenem. (B) Correlation between annual tobramycin intake and meropenem ARI. (C) Pearson 

correlation between annual gentamicin use and meropenem ARI. 

Examination of the Pearson connection between yearly aminoglycoside intake and meropenem 

ARI, which signifies multidrug resistance, for K. pneumoniae demonstrated interesting associations. 

The yearly consumption of amikacin and the meropenem ARI exhibited a Pearson correlation 

coefficient of -0.28, showing a slight negative link (Figure 13A). The yearly intake of tobramycin had 

a very modest positive link to ARI meropenem, as shown by a correlation coefficient of 0.09 (Figure 

13B). On the other hand, the relationship between the amount of gentamicin used each year and the 

occurrence of resistance to antibiotics with meropenem was highly correlated, as shown by a Pearson 

correlation coefficient of 0.70, suggesting a significant positive association (Figure 13C). This is a 

considerable correlation between increasing yearly gentamicin intake and growth in multidrug 

resistance. 
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Figure 13. Pearson correlation between annual consumption of amikacin (A), tobramycin (B), and 

gentamicin (C) and meropenem ARI in K. pneumoniae. 

During the last stage of our project, we analyzed the ARI of meropenem with a one-year time 

delay compared to aminoglycoside consumption. This allowed us to evaluate the possible delayed 

impacts of aminoglycoside usage alterations on multidrug resistance. A weak positive association, 

indicated by the Pearson correlation coefficient of 0.33, was found between the annual consumption 

of amikacin and meropenem ARI for A. baumannii (Figure 14A). The relationship between the annual 

consumption of tobramycin and ARI of meropenem next year showed a very weak positive 

association, with a Pearson correlation value of 0.11 (Figure 14B). On the other hand, a weak negative 

association was detected with a correlation coefficient of -0.30 between the annual intake of 

gentamicin and ARI meropenem in the following year. The results indicate that the intake of amikacin 

and tobramycin has a slight delayed inducing effect on multidrug resistance in A. baumannii. On the 

other hand, the usage of gentamicin is linked to a weak delayed decrease in multidrug resistance. 
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Figure 14. Pearson correlation between annual consumption of amikacin (A), tobramycin (B) and 

gentamicin (C) consumption (grams) and ARI of meropenem with one-year-lag in A. baumannii. 

A weak negative association, as indicated by the Pearson correlation coefficient of -0.28, was 

found between the annual consumption of amikacin and the ARI of meropenem in the case of K. 

pneumoniae (Figure 15A). Annual consumption of tobramycin had a very modest positive link with 

meropenem ARI, as indicated by a correlation coefficient of 0.09 (Figure 15B). On the other hand, the 

relationship between the amount of gentamicin used each year and the occurrence of resistance to 

meropenem in the next year was highly correlated, with a Pearson correlation value of 0.70, showing 

a strong positive association (Figure 15C). This is a robust correlation between increasing annual 

gentamicin intake and an increase in multidrug resistance, as seen by meropenem ARI with a one-

year delay. 
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Figure 15. Pearson correlation between annual consumption of amikacin (A), tobramycin (B), and 

gentamicin (C) (grams) and meropenem ARI with lag of one year in K. pneumoniae. 

4. Discussion 

This study aims to examine the correlation between aminoglycoside consumption and the 

multidrug resistance phenomenon among Gram-negative nosocomial pathogens revealed a 

consistently elevated ARI observed for amikacin in both A. baumannii and K. pneumoniae (as shown 

in Figure 1B and 1C). This is in line with previous findings that have shown resistance to amikacin as 

a prevalent characteristic in multidrug-resistant strains of both pathogens [13,14]. The increased 

incidence of resistance emphasizes the need for vigilant surveillance and careful use of amikacin in 

clinical settings to reduce the development of resistance. Our further analysis revealed that 

gentamicin and tobramycin exhibited more variable resistance patterns compared to amikacin 

(Figure 1B, 1C). The oscillations in ARI can be ascribed to variations in consumption habits and the 

distinct effectiveness of these antibiotics against various strains and in different clinical situations. 

Furthermore, the varying resistance of gentamicin suggests that while it may retain effectiveness in 

certain situations, its use should be carefully supervised to avoid increasing resistance.  
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The temporal analysis indicated that amikacin consumption has a modest positive correlation 

with resistance in both A. baumannii and K. pneumoniae (Figure 2A, 3A), suggesting that increased 

usage may contribute to increased resistance over time. This finding is consistent with the existing 

literature that suggests that high levels of aminoglycoside usage can drive the selection of resistant 

strains [15]. In contrast, the negative correlations observed for tobramycin and gentamicin with 

resistance in both species (Figure 2B, 2C, 3B, 3C) suggest that these antibiotics may play a more 

complex role in resistance dynamics, possibly due to their varied mechanisms of action and the 

bacterial adaptive responses they induce.  

The delayed effect analysis (Figure 4, 5) highlighted that the impact of aminoglycoside 

consumption on resistance could persist or manifest even after a year. This finding is crucial for 

understanding the long-term effects of antibiotic usage and for developing effective antibiotic 

stewardship programs that consider not only immediate but also delayed impacts on resistance 

patterns [16]. Examining meropenem ARI as an indicator of multidrug resistance revealed significant 

variability in resistance patterns over time (Figure 6). This variability emphasizes the need for 

continuous surveillance and the potential benefits of using meropenem ARI as a marker of wider 

resistance trends [17]. The differential correlations between ARIs of specific aminoglycosides and 

meropenem for both A. baumannii and K. pneumoniae (Figure 7, 8, 9) indicate that resistance 

mechanisms may differ significantly between these species. For A. baumannii, the modest positive 

correlation of amikacin with meropenem ARI suggests a link between these resistance pathways 

(Figure 7C), while the weak or negligible correlations for tobramycin and gentamicin suggest more 

complex interactions (Figure 7A, 7B) [18]. In contrast, for K. pneumoniae, the significant positive 

correlation of gentamicin with meropenem ARI (Figure 9C) highlights the potential role of 

gentamicin in driving multidrug resistance, which requires careful consideration in its clinical use 

[19,20]. Consideration of a one-year delay further emphasizes the need to take into account the 

consequences of resistance that occur later (Figure 14, 15). The delayed positive connection between 

amikacin, tobramycin, and meropenem ARI in A. baumannii (as shown in Figs. 14A and 14B), as well 

as the delayed negative correlation seen for gentamicin (as shown in Figs. 14C), suggest that prior 

antibiotic use could have long-term effects on resistance development [10]. Similarly, the variety of 

delayed correlations revealed for K. pneumoniae (Figure 15) indicates that antibiotic stewardship 

programs must include these long-term effects to efficiently control and reduce resistance.  

5. Conclusions 

In conclusion, our study highlights the intricate and species-specific relationships between 

aminoglycoside consumption and multidrug resistance. The findings underscore the need for 

customized antibiotic stewardship strategies that consider both immediate and long-term impacts of 

antibiotic usage on resistance development. Continuous monitoring and adaptive management 

practices will be essential in controlling the spread of multidrug-resistant pathogens and preserving 

the efficacy of existing antibiotics. More research is warranted to explore the underlying mechanisms 

that drive these resistance patterns and develop more effective interventions. 
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