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Warfarin is the most widely used oral anticoagulant in North America and in the world. It has a long-established

efficacy for the prevention of thromboembolic events in patients with cardiovascular risk factors such as chronic

atrial fibrillation, prosthetic heart valves, venous thromboembolism, and coronary artery disease. 
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1. Penicillins

There are four major categories of penicillin drugs, all of which have the same mechanism of action. Penicillin V

and G are prototype beta-lactam antibiotics and function by acting as D-Ala-D-Ala structural analogs, binding

penicillin-binding proteins and blocking the transpeptidase cross-linking of peptidoglycan within the bacterial cell

walls . Another group of penicillin drugs is penicillinase-sensitive: Amoxicillin, Ampicillin, and Aminopenicillin.

Likewise, there are a group of penicillinase-resistant penicillin drugs whose structure blocks access of the beta-

lactamase to the beta-lactam. Lastly, antipseudomonal penicillin drugs are a special group of piperacillin and

ticarcillin .

Penicillin drugs most commonly treat Gram-positive pathogens due to their thick cell wall filled with peptidoglycan

. Some examples include staphylococcal and streptococcal species. Penicillinase-sensitive penicillins have

coverage against H. influenzae, H. pylori, E. coli, L. monocytogenes, P. mirabilis, Salmonella, Shigella, and

enterococci species related to their extended spectrum. Antipseudomonal penicillins have exceptional coverage

against Pseudomonas.

In a case review of a 39-year-old man with a history of deep vein thrombosis and septic arthritis, concurrent

cefazolin and nafcillin with warfarin was examined . Initially receiving cefazolin, the patient’s INR remained within

the reference range. When he was later given nafcillin as a replacement for cefazolin, he experienced extreme INR

decline. The study demonstrated that the co-administration of nafcillin with warfarin may require a 2–4 fold-

increased dose of warfarin to reach INR levels within the reference range. Hepatic cytochrome-P450 induction via

nafcillin and dicloxacillin decreases the efficacy of warfarin by enhancing warfarin’s metabolism using cytochrome-

P450 .
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Some sources have stated that oral amoxicillin has not been shown to interact with warfarin . However, many

cases of the co-administration of amoxicillin or amoxicillin/clavulanate and warfarin are reported in the literature

demonstrating INR elevation and/or bleeding anywhere between 7 days post-amoxicillin initiation to 9 days after

amoxicillin therapy was discontinued . In a 2003 case report by Davydof et al., a 58-year-old

Hawaiian/Asian/European woman developed microscopic hematuria and an elevated INR 2.5 weeks after stopping

antibiotic therapy with amoxicillin/clavulanate . This case report describes the importance of considering other

contributing factors when describing warfarin’s interaction with antibiotics, including warfarin’s 30 h half-life, the rate

of clotting factor synthesis, and depletion time for vitamin K liver stores. Thus, the onset of coagulopathy can range

from 7 days after initiating antibiotics to 4 weeks after discontinuation.

When administered high doses, 85.7% of patients experienced INR levels greater than four in a study by Mahmoud

et al. The study reported high doses of amoxicillin/clavulanate are associated with a higher risk of over-

anticoagulation when combined with warfarin than when administered in lower doses . This is likely due to most

penicillin drugs, other than nafcillin and dicloxacillin, reducing the gut flora, leading to decreased vitamin K-

producing bacteria. This manifests as an enhancement of warfarin’s effects and vitamin K deficiency due to

reduced vitamin K concentrations . Lower quantities of vitamin K-producing gut bacteria would likely lead to

decreased vitamin K-dependent activated clotting factors, enhancing warfarin’s anticoagulant effects.

2. Fluoroquinolones

Fluoroquinolone antibiotics consist of ciprofloxacin, enoxacin, norfloxacin, ofloxacin, as well as a few respiratory

fluoroquinolones, gemifloxacin, levofloxacin, and moxifloxacin. The mechanism of action of fluoroquinolones is via

inhibition of the prokaryotic enzymes topoisomerase II and topoisomerase IV . Fluoroquinolones are especially

useful in treating urinary tract infections and gastrointestinal and respiratory infections. Fluoroquinolones are

commonly used to treat infections with Gram-negative rods. They can also be used for some Gram-positive

organisms, Pseudomonas, and otitis externa .

Ciprofloxacin and levofloxacin are cytochrome-P450 inhibitors, meaning they displace warfarin from binding sites

and prevent warfarin metabolism, thus causing a prolonged bleeding time and increased INR levels . These

adverse effects are seen commonly in patients receiving chronic warfarin therapy for clotting disorders and are

placed on a fluoroquinolone antibiotic to treat an infection. In a case study examining four patients on chronic

warfarin therapy with concurrent levofloxacin use, three patients experienced INR increase from within the

reference range 2–3 to a 3.5, 8.12, and 11.5 as the study progressed. The fourth patient only experienced mild

bleeding throughout the trial .

In a statistical review of 30 patients who were hospitalized and concurrently taking warfarin and levofloxacin,

statistical analysis revealed a significant increase in the INR with a supporting p-value of 0.0001 .

3. Cephalosporins
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Cephalosporin antibiotics also have a beta-lactam ring, like penicillin drugs. They inhibit cell wall synthesis and are

less susceptible to penicillinases . There are five generations of cephalosporin antibiotics. First-generation

cephalosporins, including cefazolin and cephalexin, are commonly used during surgery to prevent wound

infections. Susceptible organisms include P. mirabilis, E. coli, and K. pneumoniae. Second-generation

cephalosporins are cefaclor, cefoxitin, cefuroxime, and cefotetan. These are also used to treat the previously

mentioned organisms: Enterobacter species, H. influenzae, Neisseria species, and Serratia. Third-generation

cephalosporins include ceftriaxone, cefpodoxime, and ceftazidime, which are commonly used for severe Gram-

negative infections such as N. meningitidis and can cross the blood–brain barrier. Fourth-generation

cephalosporins include cefepime which is increasingly used against Pseudomonas. Lastly, fifth-generation

cephalosporins include ceftaroline, which treats MRSA, unlike the first to fourth generation cephalosporins .

A case review reports ceftaroline prescribed to an 85-year-old woman with a therapeutic INR level who was

hospitalized for cellulitis treatment. After a subsequent hospitalization for shoulder pain, her INR level was above

therapeutic . It has been found that cephalosporins interact with warfarin by potentiating the risk of

hypoprothrombinemia, inhibiting p-glycoprotein, and altering the gastrointestinal flora .

A retrospective chart review was conducted by Saum et al. in which INR increases from the baseline were

compared in patients taking chronic warfarin therapy with diagnoses of UTI and were treated with ceftriaxone, a

first-generation cephalosporin (cefazolin or cephalexin), penicillin (ampicillin/sulbactam, amoxicillin/clavulanate,

piperacillin/tazobactam), or ciprofloxacin in a community teaching hospital between June 2011 and September

2012. The ceftriaxone group was found to have a statistically significant higher peak INR value compared to all

other antibiotics that were studied (ceftriaxone: 3.56, first-generation cephalosporins: 2.66, penicillins: 2.98,

ciprofloxacin: 2.3; p = 0.004), a statistically significant greater extent of change in the INR value (+1.19, +0.66,

+0.8, +0.275; p = 0.006), and a statistically significant greater percentage change in the INR value when compared

to ciprofloxacin (54.4% vs. 12.7%; p = 0.037) . Ceftriaxone interacts with warfarin to increase a patient’s INR

value more than other commonly administered antibiotics for UTI treatment. It was concluded that first-generation

cephalosporins, penicillin, or ciprofloxacin should be preferred for UTI treatment in patients on warfarin .

4. TMP-SMX

TMP-SMX is theorized to interact with warfarin via two mechanisms. The first is the disruption of the gut flora,

reducing vitamin K synthesis, a shared mechanism with many other classes of antibiotics. The second interaction

mechanism is via the inhibition of cytochrome P450 isozyme 2C9, which is also involved in warfarin metabolism

.

In a study by Fischer et al. investigating the interactions between TMP-SMX and warfarin in an elderly population

with urinary tract infections, hospitalized cases of upper GI tract hemorrhage in patients on long-term warfarin

therapy had an increased risk of having received a prescription for TMP-SMX within 14 days of hospitalization with

an odds ratio of 3.84 (95% CI, 2.33–6.33) . Additionally, TMP-SMX prescription showed an increased risk of
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upper GI tract hemorrhage in patients taking warfarin with an odds ratio of 2.80 (95% CI, 1.48–5.32) compared with

amoxicillin or ampicillin, two medications with no observed significant interaction with warfarin .

In a study by Vitry et al., patients on chronic warfarin therapy who were administered TMP-SMX were associated

with increased bleeding-related hospitalizations with a 5.08 adjusted rate ratio (95% CI, 2.00–12.88) .

In another study by Baillargeon et al., TMP-SMX treatment in chronic warfarin users aged 65 years or older had an

increased risk of hospitalization for bleeding with an odds ratio of 2.70 (95% CI, 1.46–5.05) . Lane et al.

evaluated a population of veterans who were prescribed warfarin for ≥30 days and were found to have an

increased risk of serious bleeding events when co-prescribed TMP-SMX with a hazard ratio of 2.09 (95% CI, 1.45–

3.02). Additionally, 31% of patients prescribed TMP-SMX were found to have an elevation of INR ≥5 .

Schelleman et al. investigated the interaction between TMP-SMX and warfarin, which was observed over time

intervals after the administration of TMP-SMX was tracked via hospitalization for GI bleeding . When fully

adjusted for confounding variables, 0–5 days had an odds ratio of 1.46 (95% CI, 1.16–1.85); 6–10 days had an

odds ratio of 2.54 (95% CI, 2.08–3.10); 11–15 days had an odds ratio of 2.04 (95% CI, 1.64–2.54); and 16–20 days

had an odds ratio of 1.18 (95% CI, 0.89–1.57) .

5. Rifampin

Interaction between rifampin and warfarin is due to rifampin’s nonspecific induction activity on hepatic enzymes,

including cytochrome P450 enzymes, with CYP3A4 being affected preferentially . The current literature and data

shows that it can take up to 2 weeks for rifampin’s full effect on these enzymes. After the discontinuation of

rifampin, it can take four weeks or longer for warfarin effects to level out again, though this level may not be the

same as before rifampin use .

Yang et al. studied patients on prior steady-state warfarin who received rifampin. They were investigated for

changes in warfarin dosing over time, including after the discontinuation of rifampin. During the onset phase,

defined as rifampin initiation in patients who were previously taking warfarin, the study found a median increase in

steady-state warfarin dosing on rifampin by 165% (n = 8, IQR 99, 227), which occurred in a median of 30 days (n =

8, IQR 19, 34). Although the overall warfarin dosing increased, the study showed a decrease of 38% (IQR −52, 32)

in warfarin dosing in the first week of rifampin initiation. During the offset phase, defined as when rifampin was

discontinued and warfarin continued, the study found a median decrease in steady-state warfarin dosing by 67%

(IQR −70, −58), which took a median of 6 weeks to achieve (IQR 4, 8). Compared to before rifampin use, the

steady-state dosing of warfarin after discontinuation increased by a median of 8% (n = 8, IQE 1, 38) .

6. Macrolides

The macrolide family of antibiotics prevents bacterial protein synthesis by binding to the 50 S subunit of the

bacterial ribosome (Figure 1) . Macrolides are considered bacteriostatic because they inhibit protein synthesis

without directly killing the bacteria. The bacterial ribosome structure is highly conserved across almost all bacterial
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species, allowing macrolides to be classified as broad spectrum . The most commonly used macrolides are

erythromycin, clarithromycin, azithromycin, and fidaxomicin. Macrolides are indicated in the treatment of H. pylori,

atypical mycobacterial infections, as well as Gram-positive infections of the skin, respiratory tract, and soft tissue

.

Extensive research has been conducted regarding the side effects of concomitantly prescribing macrolides

alongside warfarin. One study found that macrolide use during warfarin therapy is associated with an increased risk

of bleeding with an OR of 1.86, while another study specifically looking at this same interaction in the elderly

population found an adjusted risk ratio of 3.07 .

Another study looking at azithromycin specifically found it to have a twofold increased risk of a serious bleeding

event, compared to low-risk antibiotic usage during warfarin therapy .

Other studies also demonstrate an increase in the mean INR from 2.7 to 3.6 when receiving macrolides alongside

warfarin treatment in pediatric cardiac patients .

Figure 1. The macrolide family of antibiotics prevents bacterial protein synthesis by binding to the 50 S subunit of

the bacterial ribosome. This figure was adapted from Ref.  Clinical Laboratory Analysis, Volume: 36, Issue: 6,

First published: 21 April 2022.

7. Metronidazole
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As the drug of choice for Helicobacter, Bacteroides, Clostridia, Giardia, Trichomonas, and Entamoeba species,

metronidazole is a broad-spectrum antibiotic known to inhibit anaerobic Gram-negative rods . A member of the

nitroimidazole group of drugs, metronidazole is in a class of its own as an antibiotic due to its ability to also treat a

variety of parasitic infections. Metronidazole is thought to assert its effects through its reduced intermediates

inhibiting the nucleic acid synthesis in specific organisms .

In a study that appraised over 793 citations relating to food and drug interactions with warfarin, metronidazole was

named as one of six antibiotics that potentiate warfarin’s anticoagulant effects .

The interactions described in the literature with regard to metronidazole and warfarin are usually found to describe

the impact this combination of drugs can have on a patient’s INR. One study found that metronidazole, used

alongside warfarin, increased a patient’s INR above 6 in 4.9% of patients . Another study, in a similar vein,

described metronidazole use with warfarin as having a 23.3% chance of increasing a patient’s INR into supra-

therapeutic levels, which meant an INR greater than 3 .
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