
 

Comparing amoxicillin and trimethoprim: Overall 

performance in combating Escherichia coli-causing urinary 

tract infection 

Yiou Teng 

Basis International School Park Lane Harbour, Huizhou, 516223, China 

 

yiou.teng14105-biph@basischina.com 

Abstract. Urinary Tract Infection (UTI) is one of the most prevalent bacterial infections in the 

world, and 80% of reported UTI cases are derived by gram negative bacteria Escherichia coli. 

Uropathogenic Escherichia coli is strongly adaptive and resilient against immune response, 

forming Intracellular Bacterial Communities (IBC) inside uroepithelium cells that constitute the 

urethra and the bladder. Their rapid absorption of cellular nutrients enables them to advance 

upward toward the kidney and cause inflammation. Hence, based on the perceived severity of 

UTI, multiple antibiotics are used to treat UPEC-causing UTI. This article provides a detailed 

review on the contemporary performance of amoxicillin and trimethoprim, both widely used to 

treat UPEC-causing UTI for decades. Amoxicillin is a penicillin-derivative that produces 

bactericidal by inhibiting transpeptidase to disrupt peptidoglycan synthesis, causing rapid-

growing bacteria to lyse. It is a well-tolerated drug that can be used on pregnant patients. 

Resistant UPEC develop beta-lactamase to counter amoxicillin. Trimethoprim, on the other hand, 

is a dihydropyrimidine antibiotic that impedes the production of tetrahydrofolic acids, producing 

either bacteriostatic or bactericidal effects. Resistant UPEC transforms the shape of 

tetrahydrofolic acids-producing enzyme, dihydrofolic reductase, to resist trimethoprim. 

Although amoxicillin and trimethoprim are competitive inhibitors are effective against a variety 

of gram-positive and gram-negative species, trimethoprim, in statistical study, is proven to be 

more effective than amoxicillin in treating gram-negative UTI. Today, the wide-spread resistant 

strains of UPEC exists for both drugs. Thus, amoxicillin and trimethoprim are implemented 

mainly through combination therapies, amoxicillin/clavulanate and trimethoprim 

sulfamethoxazole, respectively. These combinations are more effective than the drugs to be used 

alone and are able to counter some resistant strains, but UPEC that are resistant to combinations 

also exists. Regardless, both amoxicillin and trimethoprim are still used as first-line antibiotics, 

while more powerful antibiotics are reserved for special multi-resistant superbugs. 

Keywords: Urinary Tract Infection (UTI), Uropathogenic Escherichia coli (UPEC), Amoxicillin, 

Amoxicillin-clavulanate, Trimethoprim, Trimethoprim-sulfamethoxazole. 

1.  Introduction 

Urinary Tract Infection- (UTI) is one of the most prevalent bacterial infections in the world, with at least 

half of women gets the infection once in their life time [1]. Scholars estimated that in 2019 alone, there 

were 404.61 million cases with 236790 deaths, and it was being predicted that the situation would 
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deteriorate even more as the disease becomes even more prevalent [2]. Most notably, the uropathogenic 

Escherichia coli (UPEC) is the most common UTI-causing pathogen, covering 80% of total UTI cases 

[3].  

In a typical UPEC-causing urinary tract infection, the process begins from bacterial contamination 

of the urethra, where the intruding uropathogens start to ascend up toward the bladder. The key for 

bacteria to colonize the bladder is bacterial adhesins; bacteria construct adhesins into appendages such 

as type 1 pili that enables them to attach to host uroepithelium cells and ascend upward [4]. Due to the 

nutrient-deficient nature of the bladder, the uropathogens would start to obtain resources from the host 

cells, either through releasing toxins to damage host cell membranes or invading host cells and forming 

intracellular bacterial communities (IBC). The damage triggers immune response, and the inflammation 

of uroepithelium cells expresses the infection. For UPEC bacteria, if they manage to enter uroepithelium 

cytoplasm and establish successful IBC without being expelled by Toll-like Receptor 4 (TLR 4), they 

could evade neutrophils from the immune system and have the potential to resettle to the kidney, which 

is lethal [5].  

Amoxicillin and trimethoprim are among the most commonly prescribed antibiotics to combat 

urinary tract infection. Interestingly, although both drugs are being used in treatment of Urinary Tract 

Infection caused by uropathogenic Escherichia coli (UPEC), two drugs are completely different both in 

their molecular structures and their antibacterial mechanism. Recently, scientists reported that the wide-

spread usage of first-line antibiotics has triggered antibiotic resistance of UPEC against amoxicillin and 

trimethoprim [6]. Multiple antibacterial strains are forming in UTI-causing pathogen groups such as 

UPEC, imposing a severe health threat to the public health [5]. Therefore, the prevalence of antibiotic 

resistance in UPEC has prompted the writing of this paper; the paper summarizes the overall similarities 

and differences of amoxicillin and trimethoprim in treating UPEC-causing UTI to provide a detailed 

review on the contemporary performances of these two drugs. 

2.  About The Targeted Bacteria 

Escherichia coli is the most common UTI-causing pathogen. These bacteria are gram-negative, rod-

shaped, and facultative anaerobic (Figure 1). Belonging to the genus Escherichia, they reside in animal 

intestine and the environment; most of their strains are harmless, but uropathogenic Escherichia coli 

(UPEC) could cause urinary tract infection, while certain E coli strains could cause other diseases such 

as diarrhea and respiratory illness [7]. Recall its involvement in UTI, the species is characterized by 

their unique formation of Intracellular Bacterial Communities (IBC) within uroepithelium cells. Infected 

uroepithelium cells would be exfoliated, while UPEC either get exfoliated with their current hosts or 

migrate to search their next host [8].  

 

Figure 1. The cellular structure of Escherichia coli. Notice that the bacteria releases toxins via its protein 

channels, and the species has a thin layer of peptidoglycan (Characteristic of gram-negative bacterium). 

The picture also lists out structures of Escherichia coli that are potential targets for future antibiotics [8].  
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3.  Amoxicillin 

3.1.  Core Structure and Disease-fighting Mechanism 

Amoxicillin is a penicillin-derivative drug, belonging to the class of beta-lactam antibiotics. Same as its 

parental drug penicillin, its core is a 6-aminopenicillanic acid (6-APA), the critical structural requirement 

for antibiotic activities of beta-lactam drugs (Figure 2) [9]. 6-APA is an important intermediate for 

synthetic antibiotics because it allows different side chains to be attached to its core, generating various 

beta-lactam antibiotics with variations on their side chains [10].  

 

Figure 2. The chemical structure of 6-aminopeniciliac acid (6-APA). It is crucial to the antibiotic 

mechanism of beta-lactam antibiotics, and it is recognizable in all variations of beta-lactam class [11].  

Amoxicillin, like all beta-lactam antibiotics, interrupts the production of bacterial peptidoglycan 

operated by transpeptidase. Transpeptidase is responsible of assembling amino acids that compose the 

bacterial cell wall, known as peptidoglycan. The peptidoglycan serves the important role of providing 

protection to bacterial cells. The chemical structure of beta-lactams strongly resembles transpeptidase’s 

amino acid substrate, D-Ala-D-Ala; beta lactam is a cyclic resembling chemical of D-Ala-D-Ala 

terminus, tricking transpeptidase to misrecognize the beta-lactam for its amino acid substrate (Figure 3) 

[12].  

 

Figure 3. The chemical structures of substrate D-Ala-D-Ala terminus and penicillin (beta-lactam 

molecules). The beta-lactam is the cyclic resemblance of D-Ala-D-Ala [13].  

Normally, E. coli transpeptidase would hydrolyze and break off from the peptide chain in 

milliseconds after it crosslinks the meso-diaminopimelic acid (m-DAP) to connect the peptidoglycan 

[14]. However, once the carboxyl group of amoxicillin reacts with the serine amino acid on 

transpeptidase, a stable acyl-enzyme intermediate is formed and will persist for several hours [15]. 

Amoxicillin serves the role of a competitive inhibitor, which inhibits transpeptidase from its 

peptidoglycan synthesis. Since bacterial species like Escherichia coli do not require the formation of 

new cell wall during spore phase, amoxicillin is most effective when treating bacteria that are rapidly 

multiplying; the inability of transpeptidase would leave pores on the bacterial cell wall, causing the 

bacteria to lyse and die (Figure 4) [16].  
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Figure 4. The mechanism of beta-lactam antibiotics. The binding of beta-lactam to transpeptidase active 

site would create a stable acyl-enzyme intermediate; it would block the synthesis process of 

transpeptidase for hours [17].  

3.2.  Features of Amoxicillin 

Penicillin depends on the carbonyl bond on the beta lactam ring to perform its antimicrobial activities, 

but the reactive nature also makes the antibiotic more susceptible to breakdown under acidic 

environments [16]. Subsequently, series of semisynthetic beta-lactam antibiotics was synthesized to 

further stabilize their core structure. Among them, Amoxicillin is an extension of ampicillin: same as 

ampicillin, a benzene ring is added on the side chain of 6-APA to enhance the drug’s resistance to 

penicillin-breaking beta lactamases produced by E coli. Also, both drugs include an additional amino 

group on the benzene side chain to better penetrate the complex outer membrane of gram-negative 

bacteria such as E coli [18]. However, ampicillin has difficulty sustaining its structures under acidic 

conditions of stomach. But amoxicillin appends a hydroxyl electron withdrawing group on its benzene 

ring, which greatly enhances its stability in stomach compared to ampicillin (Figure 5) [16,19,20].  

 

Figure 5. The 2D chemical structure of Ampicillin (Left) and Amoxicillin (Right). Both includes an 

amide bond to penetrate the protein complex on the outer membrane of gram-negative E coli. 

Amoxicillin also has a hydroxyl group at the end of the benzene ring to enhance its acid stability [19,21].  

3.3.  Current Performance 

Amoxicillin is a strong candidate for prescription of Urinary Tract Infection. The addition of hydroxyl 

group at its side chain has made this drug well-tolerated [20]. Unless allergic to amoxicillin or with 

severe renal damage, amoxicillin does not showcase severe adverse effect, and it is considered to be safe 

for pregnant women, surpassing most of antibiotics in terms of its safety for patients [22].  

However, amoxicillin and other beta-lactam antibiotics have been widely used for decades, exerting 

strong selective pressure over UTI-causing pathogens, especially virulent Escherichia coli [23]. Studies 

have shown that the overuse of amoxicillin has caused the prevalence of amoxicillin-resistant UTI-

Proceedings of the 2nd International Conference on Modern Medicine and Global Health
DOI: 10.54254/2753-8818/44/20240578

73



 

causing E. coli (UPEC) with the percentage to reach over 20% in several regions. In particular, the 

resistance rate in Aveiro, Portugal is 42.4% between 2001-2009,[24]. followed by Europe’s 28% 

between 2007 to 2008 [25], 63.6% in South Korea between 2010-2011 [26]. and 35.5% in 2012 France 

[27]. Although these studies investigated different patients, the consistently high percentage of 

amoxicillin resistance is indeed alarming. 

The primary antibiotic resistance of UTI-causing Escherichia coli (UPEC) is the application of beta-

lactamases. These enzymes resemble the shape of beta-lactam antibiotics’ target, DD-transpeptidase, 

and are secreted into the surrounding environment of bacterial cells in which antibiotics are present [28]. 

A serine beta-lactamase, for instance, attacks the carbonyl carbon on the beta-lactam ring after binding 

to a beta-lactam antibiotic, namely amoxicillin. This process is known as acylation and it leads to the 

collapse of the beta-lactam ring, forming a stable acyl enzyme composed of the beta-lactamase and the 

drug. Deacylation ensues, which hydrolyzes the beta-lactamase’s oxygen and the carbonyl carbon of the 

broken ring. It releases an antibiotic molecule with its beta-lactam ring open, rendering it completely 

useless (Figure 6) [29,30].  

 

Figure 6. The detailed illustration of serine beta-lactamase undergoing the process of breaking down 

beta-lactam drug. After the activation of the serine, the enzyme attacks the carbonyl carbon on the beta-

lactam ring, forming a stable intermediate. The enzyme then hydrolyzes the intermediate and releases 

the now useless drug. Notice that after the process the carbonyl group is replaced by a carboxyl group, 

destroying the beta-lactam ring structure that is crucial to the antibiotic process [30].  

In response, pharmacologists have developed combination therapies, pairing amoxicillin with beta-

lactamase inhibitors. These inhibitors are not effective antibiotics when used alone, but instead they 

mainly serve to inactivate beta-lactamase in combination treatments. An amoxicillin combinational drug 

is essentially a mixture of amoxicillin and inhibitor molecules, which they carry out their separate duties 

(inhibitors shut down beta-lactamase while amoxicillin halts bacterial peptidoglycan synthesis) [31]. 

Studies has confirmed that combination therapies like amoxicillin-clavulanate (AMC) and amoxicillin-

sulbactam (AMX-SUL) are more effective in treating amoxicillin-sensitive (or resistant) pathogens than 

amoxicillin alone [32,33]. Despite the recent discovery of several E. coli strains resistant to the beta-

lactamase inhibitor clavulanic acid, the most prevalent inhibitor-resistant strains such as TEM and OXA-

1 are found to have less virulent factors than AMC-susceptible strains [34]. Therefore, treating UPEC 

population that is increasingly amoxicillin-resistant, amoxicillin is still widely used as a first-line 

antibiotic today, exists mostly in the form of combination therapies. 

4.  Trimethoprim, In Comparison 

4.1.  Core Structure and Disease Fighting Mechanism 

Trimethoprim is a broad-spectrum dihydropyrimidine antimicrobial that is used to treat a variety of 

aerobic gram-positive and gram-negative bacterial species, including pathogenic E coli [35]. Compared 

to amoxicillin, trimethoprim has a different aim. While beta-lactam antibiotics impede the peptidoglycan 

synthesis, causing bacterial cells to lyse, trimethoprim attacks the bacterial dihydrofolic acid reductase 

(DHFR) and prevents DNA synthesis [36]. Both trimethoprim and amoxicillin have similar mechanism 
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in which they serve as enzyme inhibitors that prevent crucial biosynthesis, creating bactericidal effects. 

trimethoprim is a structural analog of DHFR’s supposed substrate, dihydrofolic acid (Figure 7) [37].  

In detail, DHFR is responsible of reducing dihydrofolates into tetrahydrofolates (THF), crucial 

cofactors of purine and thymidylate synthesis. Since DHFR is the sole source of tetrahydrofolates, it 

becomes a well-established target for antibiotics to treat bacteria proliferation [38]. Trimethoprim 

diffuses itself into bacterial cell. Trimethoprim binds itself to DHFR via its aminopyrimidine group; this 

group is also found on the structure of dihydrofolates. The amino groups on aminopyrimidine forms 

intermolecular bonds with carboxylate group on DHFR, securing the inhibition (Figure 7) [39].  

 

Figure 7. The molecular structures of dihydrofolates (left) and trimethoprim (right). Notice are 

aminopyrimidine groups are present on both molecules, the crux to secure bonding to carboxylate group 

on dihydrofolate reductase [40,41].  

Similar to amoxicillin, trimethoprim is largely time-dependent. With a half-life of 8-10 hours, 

trimethoprim as a reversible inhibitor would eventually disassociate from DHFR and be excreted via 

urine [42].  

4.2.  Features of Trimethoprim: Adverse Effects 

Recall that trimethoprim is an antifolate drug: it inhibits the production of folic acids. Although 

trimethoprim is highly selective in attacking bacterial DHFR-given that it cannot bind to mammal 

DHFR- and interferes only with bacterial DNA synthesis [43], its structural resemblance to folic acids 

also prompts it to disrupt human folic acid absorption. Human also relies on folic acid for DNA synthesis, 

but instead of making it human absorb folic acids via dietary pathways [44]. In detail, several studies 

have used cryo-electron microscopy in their investigation on the molecular structure of folic acid 

transporter, SLC19A1. Through these studies, scientists unveiled that the structural similarities between 

folic acids and antifolate drugs has granted antifolates access to bind with SLC19A1, interrupting human 

foliate absorption [45,46]. Further studies conducted by Meidahl Petersen, Kasper et al. in 2016 has 

confirmed on a statistic level that the use of trimethoprim is closely associated with low amount of folic 

acid in serum concentration [47].  

Consequently, trimethoprim is contraindicated for folate-deficient patients, and excessive use of 

trimethoprim could be detrimental to kidney functions, especially for elder patients. Amoxicillin is 

classified as a class B drug, which indicates no proven risk for pregnant or breastfeeding patients. 

Trimethoprim, on the contrary, has proven to be dangerous for pregnancy. Dr. Hernández-Díaz and her 

team have testified that the use of antifolates, trimethoprim included, during pregnancy induce the risks 

of underdeveloped infants with possible neutral-tube and cardiovascular defects [48]. Trimethoprim is 

a class C drug, and it would not be recommended to pregnant patients unless the curing benefit 

outweighs the risks of fetus [49].  

4.3.  Current Performance 

Just as amoxicillin, trimethoprim has been widely used in antibacterial treatments for decades, and as a 

result catalyzes various E coli. strains resistant to it. UPEC groups mitigate their susceptibility to 

trimethoprim by modifying their DHFR structure, making it resistant to trimethoprim binding. One such 

case is L28R mutant DHFR, which several point mutations occurring on UPEC’s DHFR promoter region 
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increase the enzyme’s susceptibility to dihydrofolic acid while decreasing its susceptibility to 

trimethoprim [50]. This is done by the mutant enzyme’s newly formed interaction with the glutamate 

tail of dihydrofolic acids, while altering its structure to decrease trimethoprim affinity.  Although the 

researchers quickly introduced 4’-desmethyltrimethoprim that drastically declines L28R E coli. 

activities (Figure 8), they have found that various E coli mutations have alarmingly evolved to a 

sophisticated level, with some strains acquiring up to 5 different point mutations in their promoter genes 

[50]. This complexity demonstrates that the situation regarding trimethoprim resistance is in peril. 

 

Figure 8. A graph showing the experimental result of 4’-DTMP and trimethoprim (TMP) against wild 

type E coli. and L28R mutant E coli. (Left) 4’-DTMP appears weak to impede wild type bacterial growth, 

but its antimicrobial ability is approximately 30 folds compared to TMP when combating the mutant 

bacteria population. On the right, it is a 2D molecular structure of 4’-DTMP. Recall that L28R mutation 

modifies DHFR interaction with dihydrofolic acids, 4’-DTMP is a L28R-specific antibiotic in which 

one of its methyl group on the glutamate tail of TMP is being replaced by a hydroxyl group, enhancing 

its affinity with L28R-mutant DHFR [50,51].  

Similar to amoxicillin, the most prevalent trimethoprim-related treatment regarding UPEC-causing 

UTI is a combinational therapy. Trimethoprim/sulfamethoxazole, or TMP-SMX, is drug mixture of 

trimethoprim and sulfamethoxazole. They are essentially different drugs that perform their inhibitions 

on the same process, the bacterial tetrahydrofolic acid synthesis. Sulfamethoxazole, a sulfonamide, is a 

competitive inhibitor to para-aminobenzoic acid that inhibits the dihydropteroate synthetase from 

producing dihydropteroic acid, the precursor for dihydrofolic acid [42]. The addition of 

sulfamethoxazole onto trimethoprim therapy helps the treatment to deplete the excess dihydrofolic acids 

that accumulate under an inactive DHFR, effectively terminating the tetrahydrofolic acid synthesis 

(Figure 9) [52]. The combination therapy also reduces the chance of bacterial resistance to trimethoprim 

that is produced from passage techniques, alternations to the tetrahydrofolic acid synthesis pathway [52].  

 

Figure 9. The role of TMP/SMX in tetrahydrofolic acid synthesis pathway. Recall that TMP is a 

competitive inhibitor, so the accumulation of dihydrofolic acids as a result of inactive DHFR reduces 

TMP efficiency. The addition of sulfonamides that disrupts the synthesis of the dihydrofolic acid’s 

precursor helps TMP by reducing the excess dihydrofolic acid [53].  
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Therefore, despite that sulfamethoxazole does not directly address the mutation occurred in the 

structure of DHFR, its addition onto trimethoprim creates a combinational drug that is more effective 

against UPEC that are sensitive to trimethoprim or sulfamethoxazole alone. In fact, in a study conducted 

by Knottnerus, Bart J. et al in 2012 the experiment concluded that based on statistical results, the effects 

of TMP/SMX are stronger than our beta-lactam counterpart, amoxicillin clavulanate, in terms of short-

term clinical and bacteriological outcomes [54]. This is partly due to the beta-lactam nature of 

amoxicillin, since it inhibits the synthesis of peptidoglycan and is more successful in treating gram-

positive bacterial species rather than gram-negative Escherichia coli [20].  

However, the pervasive usage of TMP/SMX for decades also prompts the emergence of TMP/SMX 

resistant UPEC population. TMP/SMX resistant UPEC have developed insensitive target enzymes, 

acquiring the resistance through either naturally developed mutation or spreading of resistance genes 

[55]. In beforementioned studies, the investigated percentage of E coli. strains resistant to TMP/SMX is 

25.4% in Aveiro Portugal between 2001-2009 [24], 16.1% in 2007 Europe [25], 35.9% in 2010 South 

Korea [26], and 12.2% in France [27]. Regardless, TMP/SMX is still available for most UTI-causing 

Escherichia coli. 

5.  Conclusion 

Uropathogenic Escherichia coli are the dominant pathogens behind the prevalent urinary tract infection. 

They are adaptive to immune response, coercing patients to strongly rely on antibiotic or other clinical 

treatments. The spread of antibiotic-resistant strains further deteriorates the situation. Amoxicillin and 

trimethoprim are derived from chemicals disparate to each other. Hence, they undermine different 

bacterial activities. However, both of them inhibit bacterial enzymes to impede metabolic processes and 

have shown in vitro decent antibacterial performance against Escherichia coli. From statistical 

perspective, studies have shown that trimethoprim sulfamethoxazole is more effective against UTI 

caused by gram-negative bacteria than amoxicillin clavulanate. But after decades of excessive use, both 

drugs have experienced considerable bacterial resistance against them. Nevertheless, it is likely that both 

trimethoprim and amoxicillin would continue to be used, in the form of combination therapies, as first-

line antibiotics against UPEC-causing UTI in the future.  
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