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Research 

  Abstract 
Antibiotics are the leading medicines used against 

bacterial, fungal, and viral infections. Nowadays, one 

of the concerns for patients, healthcare workers, 

researchers, and other related society members is 

the high resistance level of pathogenic bacteria 

against antibiotics. This phenomenon is not only 

specific to a country or a place, and it is becoming a 

global and severe problem for health. Pathogenic 

agents are found to be resistant to antibiotics with 

different methods. Selective pressure, acquired 

resistance, plasmid transfer, and inappropriate use of 

antibiotics by patients are major contributing factors 

to antibiotic resistance. However, laboratory 

diagnostic errors (humans and devices) are other 

challenges that are never considered enough. Here, 

we tried to design and present an accurate diagnostic 

tool by a smart antibiogram test. In the practical route, 

150 samples of Uropathogenic Escherichia coli (E. 

coli) (UPEC) were separated from patients with a 

positive infection, and an antibiogram test was 

conducted on these samples using two different 

methods (manual system and automated system). 

Data analysis indicated that measurement error in 

manual and experimental methods always exists, and 

no supervisory and management method exists to 

control these errors. Preventing these errors and 

improving diagnostic tools in laboratories can have an 

influential role in the global phenomenon of bacterial 

resistance. By introducing and verifying the 

diagnostic tools introduced in this study and 

consequently creating an integrated management 

system for optimal antibiotic use, antibacterial 

resistance can be controlled globally. 
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  Introduction 
At the beginning of the 20

th
 century, the discovery of

antibiotics highly helped the medical community, and 

it was a turning point in combating infectious 

microorganisms. The concerns related to the use of 

antibiotics were recognized around 1940, shortly 

after their introduction into the medical world. This 
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event is one of the biggest challenges threatening 

human and environmental health. This resistance is 

rapidly increasing, and the researchers’ efforts for 

discovering a new antibiotic are like a marathon 

against microorganisms that these pathogeneses try 

to adapt to and become resistant to these antibiotics. 

This issue is globally, and if not be controlled, it can 

be said that antibiotics are not an appropriate option 

for treating infectious pathogens, and many people 

will die due to acute and chronic diseases [1,2]. In 

the case of a lack of appropriate control and 

management of antibiotics, the medical community 

will return to the pre-antibiotics era [3]. It should be 

considered that humans will face more resistant 

organisms, and subsequently, the most superficial 

infections will become the deadliest. Correct 

knowledge about the parameters involved in the 

resistance of organisms against antibiotics will help 

adopt a timely selection of a novel strategy for 

controlling this phenomenon and considering 

appropriate attention for the targeted use of 

antibiotics. Mutation and transfer of resistant genes 

among bacteria, synthesis of the enzymes that 

deactivate antibiotics, improper prescription of 

antibiotics by physicians, abuse of antibiotics by the 

patients, and most times, lack of continuous course 

for treatment by antibiotics are significant challenges 

that have a significant role in the emergence of 

antibiotic resistance.  

Nevertheless, one of the factors that have not been 

considered enough is laboratory diagnostic errors 

(human and devices), which, unfortunately, there is 

no accurate report on its level. Mistakes in the name 

of the antibiotic, reading the test without measuring 

the inhibition zone (with eyes or experimentally), or 

inaccuracies in the measurement of the inhibition 

zone are formed, and even errors in reporting and 

other possible errors lead to incorrect prescribing and 

inefficient use of antibiotics and bacterial resistance 

to them increase dramatically [4]. This challenge 

becomes more critical when one considers that 

antibiotics used in laboratories may remain without 

review for several years. These errors can have a 

significant effect on the acquired resistance of 

bacteria. The recommended antibiotics for each 

gram-negative and gram-positive bacteria group 

include antibiotics that have enough controlling effect 

in both in-vivo and in-vitro conditions. An antibiogram 

susceptibility test determines the bacterial 

sensitivity/resistance against an antibiotic [5]. 

Antibiogram test is generally performed with the 

Kirby-Bauer model, and the sensitivity of a 

microorganism is measured and reported in 

millimeters, considering the inhibition zone formed 

against an antibiotic and its comparison with the 

standard table defined based on Clinical and 

Laboratory Standards Institute (CLSI) protocol. 

Materials and Methods 

On the other hand, the antibiotics used in the 

antibiogram test are collected annually by reputable 

authorities such as the CLSI by collecting data on 

antimicrobial resistance from around the world and 

analyzing these reports. The recommendation to 

eliminate or include antibiotics in each group of 

antibiotics should be based on clinical efficacy, 

determination of antimicrobial resistance and, 

selection of appropriate route to minimize this 

resistance, reasonable price of appropriate 

antibiotics for patients. Moreover, control of the 

valuable features (dose, type, quantity, quality, etc.) 

should be followed based on drugs protocols and 

rules [6]. Unfortunately, the antibiotics introduced by 

the relevant authorities may not enter the drug 

market of all countries and/or are expensive, and 

physicians are not willing to prescribe them; most 

importantly, these antibiotics are ineffective against 

local pathogens. Also, due to the dissatisfaction of 

some physicians with the results and types of 

antibiotics used in antibiograms by laboratories, the 

occurrence of antibiotic resistance in some strains, 
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and the occurrence of emerging infectious diseases, 

continuous review of antibiotics used in antibiograms 

seems necessary. In addition, because the microbial 

flora varies from person to person and varies from 

region to region or country to country, an antibiotic 

may not show the same effect [7]. Therefore, 

creating an innovative diagnostic tool and an 

integrated global system to monitor the results of 

bacterial susceptibility or resistance patterns even in 

the most remote regions of the world can play an 

influential role in reducing the global phenomenon of 

antibiotic resistance. 

Hypothesis 

Bacteria may be resistant to antibiotics through 

selective pressure, plasmid transfer, and mutation. 

However, the main reasons for the fast resistance of 

bacteria against antibiotics are inappropriate and 

unnecessary prescriptions or false-prescription 

without doing antimicrobial sensitivity tests and 

human errors in antibiogram tests. It seems 

necessary to find accurate diagnostic tools in 

laboratories that can perform smart antibiogram 

testing in addition to ease of use [8]. The size of the 

inhibition zone can be calculated with very high 

accuracy (probable error ~0) using a smart and 

integrated system, and it is possible to present 

results quickly [9]. In addition, high accuracy can 

significantly affect antibiotic resistance by analyzing 

the results and comparing them with the standard 

protocol, determining effective antibiotics, and 

determining the course of antibiotic treatment without 

human involvement. In this regard, designing a smart 

and integrated antibiotic management system and 

creating a database based on the results of smart 

antibiogram testing can provide comprehensive and 

accurate information for the world health organization 

or the ministry of health in any country to inform 

about the exact detail of infections and also by 

evaluation of antibiotic susceptibility and resistance 

pattern can introduce appropriate antibiotics [10]. 

Antibiotic resistance can be prevented by adopting 

an effective strategy even in the most remote parts of 

the world. 

Hypothesis testing 

Urinary Tract Infection (UTI) is one of the most 

common infections in humans caused by Escherichia 

coli (E. coli). This bacterium was used for testing the 

hypothesis in this study. For this purpose, 150 UPEC 

samples were extracted from individuals who 

suffered from UTI. The use of real samples was 

based on informed consent and the declaration of 

Helsinki. All the bacterial strains were identified using 

standard biochemical methods in the bacteriology lab 

center of Raymon Rayan Spad Chain Co (Shiraz, 

Iran) [11]. The antibiotic sensitivity and resistance of 

the extracted strains were determined using the disc 

diffusion (Kirby-Bauer) method on Mueller–Hinton 

agar medium using Ampicillin discs (10 µg), 

Gentamicin (10 µg), Cefixime (5 µg), Ciprofloxacin (5 

µg), and Co-trimoxazole (Trimethoprim 1.25 µg, 

Sulfamethoxazole 23.75 µg) discs. The inhibition 

zone measurement was done in two states. In the 

first state, the technicians of several laboratories 

without knowledge of the conditions and objective of 

the test were asked to measure and report the 

inhibition zone as usual. In the second state, to verify 

the measurements by technicians, the diagnostic 

tools designed in this study based on image 

processing for inhibition zone measurement were 

used. This tool, through image processing, measures 

the inhibition zone in a fully automated way and 

reports the results using CLSI data that has been 

defined for it before. In the last stage, the data 

obtained from each laboratory was sent and 

analyzed in a comprehensive system as a central 

data center in an online platform [12]. 
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Results and Discussion 

The sensitivity and resistance of the considered 

UPEC strains were assessed in two ways, i.e., 

manually by laboratory technicians and by using the 

device designed in this study. The schematic designs 

of these two methods are shown in Figure 1. 

Figure 1: The schematic and comparative design between inhibition zone measurements; a) inhibition zone 

measurement manually; b) inhibition zone measurement automatically. 

Table 1 shows the results of E. coli susceptibility and 

resistance against the antibiotics used in two 

different measurement methods. The results showed 

that the samples sensitive to the antibiotics assessed 

had a higher number and higher percentage in the 

manual state than in the automated state. Also, these 

values for samples reported to be intermediate were 

higher in the manual state than in the automated 

state [13]. As the designed automatic measurement 

method uses image processing to measure the 

inhibition zone and has higher accuracy, this analysis 

indicated that laboratory technicians had a level of 

false measuring for determining the inhibition zone. 

In fact, the automated system reported a fraction of 

the strains that were resistant to antibiotics and vice 

versa; they were resistant to some strains when they 

were sensitive. 

Table 1: The results of inhibition zone measurement using the manual and automated methods. 

Antibiotics Manual Automated Total 
R I S R I S 

Ampicillin 75 (50%) 7 (4.6%) 68 (45.3%) 78 (52) 7 (4.6) 65 (43.3) 150 

Gentamicin 76 (50.6%) 3 (2%) 71 (47.3%) 81 (54%) 2 (1.3%) 68 (45.3%) 150 

Co-trimoxazole 89 (59.3%) 0 61 (40.6%) 92 (61.3%) 1 (0.6%) 57 (38%) 150 

Cefixime 31 (20.6%) 3 (2%) 116 (77.3%) 36 (24%) 1 (0.6%) 113 (75%) 150 

Ciprofloxacin 36 (24%) 4 (2.6%) 112 (74.6%) 40 (26.6%) 1 (0.6%) 109 (72.6%) 150 

R: Resistance; I: Intermediate; S: Sensitive 

Figure 2 shows the frequency percentage of 

sensitivity and resistance of the samples in the two 

inhibition zone measurement methods. The 

difference in measurement and reporting of the 

results is visible in this chart. The error or inaccuracy 

in measurement results in the ineffectiveness of 

antibiotics that bacteria are resistant to, and this 

event increases the treatment period and imposes 

additional costs for the patients. The results show 

that the existence of an accurate diagnostic tool can 

have a very positive effect on laboratory reports and 

patient treatment [14]. This method's accuracy in 

measurement will be more critical when the inhibition 

zones found overlap and the measurement with a 
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ruler was difficult for the lab technicians (Figure 3). 

However, the smart system designed here can 

calculate the inhibition zone accurately and consider 

distinguishing of occurred overlaps. 

Figure 2: Frequency percentage of the Sensitivity (S) and Resistance (R) related to samples tested in manual and 

automated systems. 

Figure 3: Overlapping in inhibition zones (this Figure has been presented only for showing the overlapping in 

inhibition zones). 

Figure 4 summarizes the laboratory tool design and 

the way of measurement, analysis, and reporting by 

the designed smart system. As demonstrated in 

Figure 4 (a), the photos taken by the device are 

scanned, and the antibiotic mapping will be 

performed [15]. In Figure 4 (b), the type of antibiotic 

is determined accurately based on the analysis of 

defined algorithms. In Figure 4 (c), the inhibition zone 

is measured with the highest accuracy. Figure 4 (d) 

analyzes the process for the data based on the 

inhibition zone related to each antibiotic compared to 

CLSI standard protocol. The results are automatically 

interpreted and reported (Figure 4 (e)) [16-18]. Figure 

4 shows the relationship between the laboratory tool 

and the integrated system. In this system, the results 

reported by the laboratory are sent to a local data 

center on an online platform. Then, these data are 

sent to a central data center in each country, and 

finally, the information from all countries is sent to 

CLSI (Figure 4 (f)) for analysis of the results and 

consider decision for regarding the suggestion and 

guideline for antibiotic use in each country and even 

each city locally. 
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Figure 4: Schematic illustration of design and working flow stages for smart antibiogram test. 

Table 2 compares the common traditional manual 

method and the smart type to do an antibiogram test. 

Here, we introduced a smart laboratory tool for 

antibiogram test with the ability to determine the 

exact antibiotic used, online updating of antibiotic 

consumption protocol, accurate measurement of the 

inhibition zone, smart distinguish of the inhibition 

zone based on the part of the zone in case of 

overlapping, online data analysis based on a 

predefined protocol and online recording and 

presenting the reports [19,20]. In Table 2, the 

summary of features and advantages of antibiogram 

tests in manual and automated conditions has been 

presented. 

Table 2: The advantages and differences of the antibiogram test and inhibition zone measurement in manual and 

automatic systems. 

Inhibition zone in the manual system 

1. Measuring inhibition zone manually.
2. Manual report recording.
3. Lack of reviewing and updating antibiotic use guidelines sometimes.

4. Error in recognizing the antibiotic name.
5. Error in measurement in case of inhibition zone interference.
6. Error in measurement.
Inhibition zone in the automated system 

1. Measuring inhibition zone in a fully automated manner.
2. Online report recording.
3. Continuous automatic updating of antibiotic use guidelines.

4. Accurate recognition of antibiotics based on the abbreviation.
5. Smart reconstruction of inhibition zone in case of inhibition zone interference.
6. Measurement based on artificial intelligence and lack of error in measurement.
7. Result from analysis based on a predefined protocol in the internal memory.
8. Online sending of results to the central laboratory database.
9. Ability to send an online report to the patient and physician.

10. Medium height estimation.
11. Creation of a smart integrated system for antibiotic use management.
12. Creation of a comprehensive database in line with epidemiologic studies.
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13. Predicting, prioritizing, and presenting a regional and a local guideline.
14. Reviewing and revisiting the antibiotics used in antibiotic susceptibility testing monthly and annually.

measuring and determining the microbial resistance 

based on the analysis of the information from the 

smart and integrated system, monthly and annual 

reviewing of the antibiotics used in antibiograms, 

predicting, prioritizing, and presenting a guideline for 

regional and local antibiotic use independent of CLSI 

committee can have a significant role in controlling 

the antibiotic resistance. In order to better 

understand the role of the integrated global system 

for supervision and management recommended in 

this study for fighting antimicrobial resistance, there 

is a need for implementation of this study on a global 

scale and simultaneous participation of the health 

organizations in different countries. 
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Conclusion 

Reasonable use of para-clinical diagnosis and timely 

and effective treatment can have a significant 

inhibitory role in the global phenomenon of antibiotic 

resistance. On the other hand, presenting accurate 

laboratory reports is essential based on several 

important aspects, including humanity, ethics, and 

economics, in a way that inaccurate diagnosis of 

sensitivity or resistance of the infection caused by a 

bacterium can increase hospitalization time for the 

patient in the hospital or the risk of hospital acquired 

infections. On the other hand, acquired infections 

resulting from a superficial infection and inadequate 

treatment of a severe and resistant infection in 

patients can pose serious risks to individuals, 

society, and the environment. Monitoring and 

controlling the emerging and resistant bacteria are 

significant steps in developing optimized strategies 

for combating these bacteria. Therefore, creating a 

compressive database for epidemiologic studies, 
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