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Among the leading causes of bacteremia are Escherichia coli, Klebsiella pneumoniae, and Staphylococcus aureus.
E. coli and K. pneumoniae are increasingly exhibiting resistance to last-resort antibiotics, such as carbapenems.
Rapid and accurate identification of these pathogens is critical for timely treatment and infection control. This paper
aimed to develop a computer-aided bacterial morphometric technique for identifying and classifying wild-type E.
coli, K. pneumoniae, and S. aureus in a field guide fashion. A 3D laser scanning confocal microscope was used to
gather key parameters of each organism: length (L, um), circular diameter (CD, pm), volume (V, um?3), surface
area-to-cross-sectional area ratio (SA/CSA, unitless), surface uniformity ratio (Str), and surface texture ratio (Sdr).
Microscope images and measurement results showed that S. aureus was spherical with the shortest length (1.08
um) and smallest volume (0.52 um?). E. coli and K. pneumoniae were rod-shaped with lengths >2.0 pm and
volumes >1.0 um3. Carbapenem-resistant (CR) strains exhibited larger volumes than their wild-type counterparts.
Surface parameters further differentiated strains: wild-type E. coli had a greater surface texture or a less smooth
surface (larger Sdr) than K. pneumoniae (lower Sdr) did. CR E. coli had more surface uniformity (lower Str) than
CR K. pneumoniae did. A dichotomous key based on shape, circular diameter, volume, length, and surface
characteristics was developed to classify the species using a series of paired, contrasting features. This
morphometric analysis can aid researchers in quickly identifying bacteria, leading to faster diagnosis of life-

threatening diseases and improved treatment decisions.
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Bacteremia is the presence of viable bacteria in circulating blood, and it is associated with significant morbidity and
mortality [l Various factors, including microbial infection, medical procedures, or the use of medical devices, can
cause bacteremia [2. In a surveillance study between 2002 and 2020, Escherichia coli, Klebsiella pneumoniae, and
Staphylococcus aureus were the top three causes of bacteremia in Taiwan 2. Sepsis can develop from bacteremia
if the body’s immune system is unable to control the infection [. It can rapidly progress to organ failure and can
lead to shock and death if not treated quickly [. Rapid and accurate identification of the causative bacteria is
crucial for effective treatment. Current methods of identification include culture (colony morphology and
biochemical tests), staining (Gram-positive and Gram-negative stains), genomics (polymerase chain reaction,
microarrays, and ribotyping), and other advanced techniques (mass spectrometry and flow cytometry). However,
these techniques are time-consuming and expensive. Bacterial identification based on morphology is gaining
popularity B, It is rapid, reduces costs, and yields intuitive results B4l Modern morphometry utilizes advanced

computer-assisted image analysis software to interface an image with geometric software that measures specific
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biological features M. It is a quantitative analysis of the size and shape of geometric features of cells, cell
organelles, and/or biomarkers 4. Bacterial morphometry allows for a systematic approach to bacterial
identification, progressing from easily observable characteristics to more detailed microscopic and biochemical
analyses. It functions like a field guide by providing a framework for identifying bacteria based on their

characteristic shapes, arrangements, and visible growth patterns.

The emergence of bacteria with antimicrobial resistance (AMR) has further exacerbated the poor outcomes
associated with bacteremia [&. The rise in AMR makes diagnosis and treatment increasingly complex BRI, AMR is
one of the top three major public health threats by the World Health Organization (WHO) and is the third leading
cause of death after cardiovascular diseases [8l. An estimated 1.27 million deaths were attributed to antimicrobial-
resistant infections in 2019 alone, while nearly 5 million deaths were somehow associated with drug-resistant
infections [8l. AMR infections can lead to severe complications, especially among immunocompromised patients 2
8. Therapeutic options for infections caused by antimicrobial-resistant bacteria are limited, resulting in prolonged
illness and significant morbidity and mortality, with a high financial impact €. Many medical advances, such as
organ transplants and cancer therapy, depend on the ability to fight infections with antimicrobials. If the ability to
effectively treat those infections is lost, the ability to safely offer people many of the lifesaving and life-improving

modern medical advances will be lost with it.

Beta-lactams, including penicillin, cephalosporin, monobactam, and carbapenem, are the most widely used
antibiotics worldwide, and they are reserved only for human use [&. Carbapenems are the most effective
antimicrobial agents against both Gram-positive and Gram-negative bacteria, exhibiting a broad spectrum of
antibacterial activity. Thus, the rise in carbapenem-resistant (CR) bacteria is concerning, as it limits treatment
options and is associated with increased morbidity, mortality, and healthcare costs [0, CR can induce structural

and physiological changes in bacterial cells, potentially altering their morphology and growth patterns [L1I[22113]

Thus, this paper aimed to develop a computer-aided bacterial morphometric technique for identifying and
classifying wild-type Escherichia coli, Klebsiella pneumoniae, and Staphylococcus aureus in a field guide fashion
(131 The first classification employed shape, followed by other parameters. Bacteria have distinct shapes, such as
(1) spherical or round (cocci), in clusters (e.g., Staphylococcus), in chains (e.g., Streptococcus), in pairs with
pointed ends (e.g., Streptococcus pneumoniae;), and in pairs with kidney bean shape (e.g., Neisseria); (2) rods
(bacilli), with square ends (e.g., Bacillus), with rounded ends (e.g., Salmonella), club-shaped (e.g.,
Corynebacterium), fusiform (e.g., Fusobacterium), and comma-shaped (e.g., Vibrio); and (3) spiral (Spirochetes),

relaxed coil (e.g., Borrelia), and tightly coiled (e.g., Treponema) (1],

The morphometric technique was extended to classify CR E. coli and CR K. pneumoniae since both pathogens are
frequently known to develop CR, but not on S. aureus, because it is not commonly known to have resistance to
carbapenem. By mapping morphometric traits to specific species, this guide supports faster, image-based

identification and strengthens the ability to respond to the growing threats of AMR.
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