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Abstract
BACKGROUND
The drug interaction between warfarin and rifampicin is widely known, but there are still some difficulties in managing the combination of the two drugs.

CASE SUMMARY
A patient with brucellosis received strict monitoring from a Chinese pharmacist team during combination of warfarin and rifampicin. The dose of warfarin was increased to 350% in 3 mo before reaching the lower international normalized ratio treatment window. No obvious adverse reaction occurred during the drug-adjustment period. This is the first case report of long-term combined use of rifampicin and warfarin in patients with brucellosis and valve replacement in China based on the Chinese lower warfarin dose and international normalized ratio range.

CONCLUSION
Anticoagulation for valve replacement in Chinese patients differs from that in other races. Establishment of a pharmacist clinic provides vital assistance in warfarin dose adjustment.
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[bookmark: OLE_LINK54]Core Tip: Brucellosis is a zoonotic disease with increasing incidence. In order to improve the adherence and cure rate of outpatients, doxorubicin and rifampicin is the preferred treatment. We described a patient with brucellosis and mechanical valve replacement caused by infective endocarditis who required the combination of rifampicin and warfarin. The case highlighted the racial differences in the therapeutic range of the international normalized ratio and the adjustment range of warfarin dose. Individualized medication is required. Pharmacists can help reduce the burden on doctors and the risk of adverse reactions.


INTRODUCTION
Warfarin is a commonly used oral anticoagulant that inhibits the synthesis of coagulation factors II, VII, IX and X in vitamin K cycloreductase complex subunit 1 in liver cells[1]. Its anticoagulant efficacy is affected by drugs and food[2,3], resulting in the risk of bleeding or embolism. Frequent follow-up and dose adjustment to ensure that a patient’s international normalized ratio (INR) value is within the therapeutic range is necessary, which takes time and effort. Due to the influence of Asian ethnicity and living environment, the dose of warfarin for Chinese patients is significantly lower than that required for western patients. Combined with the improvement of valve quality, the INR therapeutic range of warfarin in Chinese patients with valve replacement is 1.5-2.5[4,5]. This is lower than the therapeutic INR in the western population (2.0-3.0). Warfarin is cheaper than other nondimensional K antagonists and is widely used in the treatment of thromboembolic diseases and myocardial infarction, especially in patients with atrial fibrillation with artificial mechanical valve replacement[6]. Rifampicin is a liver enzyme inducer[7] that has a significant impact on the rational use of warfarin[8,9]. Rifampicin induces aromatic hydroxylated cytochrome P-450 isoenzyme CYP2C9 to accelerate the clearance of warfarin used in combination, thereby affecting the anticoagulant effect of warfarin[8].
Brucellosis is an important zoonotic disease, prevalent in most countries around the world[10] with an incidence of 500000 cases per year[11]. Occupations with frequent contact with livestock, such as travelers and herders, are susceptible. With economic development in recent years, the incidence of the disease has increased in China. It is common for the bacterium to cause endocarditis, resulting in heart valve replacement. Rifampicin is one of the first-line treatments for brucellosis.
Some previous cases of tuberculosis non-Asian patients treated with combined warfarin and rifampicin have been reported. Considering the significant difference between warfarin dose and the therapeutic INR range of Asian populations vs non-Asian populations, the specificity of brucellosis and the significant effect that rifampicin has on the anticoagulant effect of warfarin, cases of long-term combination of the two drugs in Asia and a clinical rationale for their use have not yet been reported.
In this report, we describe a 10-mo follow-up of a patient treated with warfarin after mechanic valve replacement and rifampicin for brucellosis. Following discontinuation of rifampicin, warfarin dose was adjusted to reach the INR therapeutic range. We also reviewed similar case reports with different warfarin doses and therapeutic INR ranges.

CASE PRESENTATION
Chief complaints
A 45-year-old man presented to the outpatient department of our hospital complaining of repeated fever 1 year ago. He had fever again 10 d ago with no obvious cause.

History of present illness
Blood culture at the local hospital was positive for Brucella many times, but the specific treatment is unknown.

History of past illness
The patient had no special medical history. He denied any history of other diseases or exposure to endemic or infectious diseases or endemic living areas.

Personal and family history
The patient had a history of smoking for 15 years but had quit smoking for 2 years. He had a history of drinking but had quit drinking for 1 year. He denied any family history.

Physical examination
The patient’s temperature was 37.6 °C, heart rate was 100 bpm, respiratory rate was 20 breaths/min, blood pressure was 120/41 mmHg, and weight was 53 kg. Systolic murmur could be heard in the aortic area. Other measures were normal.

Laboratory examinations
Routine blood tests revealed a low albumin level of 29.4 g/L, red blood cell count of 4.15 × 1012/L, lymphocyte count of 1.0 × 109/L and platelet specific volume of 0.14%. Blood culture was positive for Brucella. Urinalysis was normal.

Imaging examinations
Computed tomography showed falling lung inflammation and a small amount of pericardial effusion. Echocardiography demonstrated aortic valve lesions that appeared as faster aortic valve jet velocity and aortic valve prolapse and perforation.

FINAL DIAGNOSIS
The patient was admitted to the hospital with a diagnosis of infective endocarditis, lung infection and sepsis.

TREATMENT
Doxycycline 100 mg twice daily and rifampicin 600 mg/d were prescribed on admission. On day 3 of admission, the patient underwent prosthetic valve replacement and began taking warfarin 2.5 mg daily for anticoagulation with a target INR range of 1.5-2.5. Pantoprazole, beclomethasone, terbutaline, acetylcysteine, digoxin, hydrochlorothiazide, potassium chloride and metoprolol were used during the 9 d of hospitalization. Before discharge, the patient’s INR (0.97) had not yet reached the target INR range (1.5-2.5). The drugs prescribed at discharge were doxycycline 100 mg twice daily, rifampicin 600 mg/d, metoprolol 23.75 mg/d, warfarin 3.8 mg/d, hydrochlorothiazide 25 mg/d and potassium chloride 500 mg twice daily.

OUTCOME AND FOLLOW-UP
The dose of warfarin was increased to 5 mg/d in the third week after discharge in order to reach the therapeutic INR range. Then it was conservatively increased by 0.25-0.5 mg/wk in the following 4 wk with virtually no response in INR. Dose was increased weekly at 0.75-1.5 mg/wk increments to 10.5 mg/d. INR reached the lower limit of the therapeutic value of 1.56 while the patient was receiving warfarin 10.5 mg/d. After that, the does was not adjusted until termination of anti-brucellosis treatment (discontinuation of rifampicin) because he had completed a 3 mo course of therapy. During this period, the patient did not experience obvious adverse reactions such as embolism or bleeding. For the purpose of maintaining therapeutic INR, the pharmacist gradually reduced the warfarin dose within 2 wk. Finally, the patient reached the treatment INR at a dose of 8.25/d. However, gum bleeding occasionally occurred at a value of 2.2, so the dose was reduced to 7.5 mg/d and the INR dropped below 2.0. Figure 1 tracks the anticoagulant and anti-infective treatment of this patient over 10 mo after discharge, and Table 1 presents this information in more detail.

DISCUSSION
Brucellosis is a class B infectious disease in China that appeared in the 1950s and 1960s, gradually declined, and then saw a rise again after the 1990s. Brucella can cause fever and even endocarditis and encephalitis. The main source of infection is animal food, and it can also be spread by close contact with animals. Although our patient did not visit any infectious disease areas, he did keep goats in his house, which was presumably the cause of his brucellosis.
To treat brucellosis, the World Health Organization recommends doxycycline 100 mg twice daily combined with rifampicin 600-900 mg/d continuously for 6 wk (DOX-RIF) or streptomycin 1 g/d for 2-3 wk (DOX-STR). DOX-RIF for 6 wk is the most common treatment for pulmonary infections[12,13], whereas a treatment period of 6 wk to 6 mo is common for endocarditis. Although the efficacy and pharmacokinetic data of DOX-STR are more advantageous, clinicians and patients prefer DOX-RIF because it is a full-oral treatment that can help improve patient compliance and overall success rate and can be better implemented clinically in areas with developing medical infrastructure. DOX-RIF also eliminates the need for parenteral administration of streptomycin as part of the DOX-STR regimen. Additionally, the shortage of streptomycin in many parts of the world may hinder the implementation of DOX-STR[14]. In the present case, due to aortic valve prolapse caused by infective endocarditis, warfarin was the first choice after artificial heart valve replacement, giving the two drugs the opportunity to interact.
Warfarin is a racemic mixture. S-warfarin, as a major anticoagulant, is mainly metabolized by CYP2C9, while R-warfarin is mainly metabolized by CYP3A4, but both are important members of hepatic cytochrome enzyme P-450[15]. With its 35-h elimination half-life, warfarin is almost completely absorbed in the body. Due to the 17 h elimination half-life of prothrombin, it takes 3 d for warfarin to reach a steady blood concentration[16]. Rifampicin is an aromatic hydroxylated cytochrome P-450 isoenzyme drug that reduces the half-life of warfarin and accelerates its clearance rate (clearance rate of R-warfarin triples while that of S-warfarin doubles), thereby reducing the anticoagulant effect of warfarin and leading to increased risk of embolism[17]. The sudden withdrawal of rifampin in the combination of the two drugs also increases the risk of bleeding.
In the present case, the interaction between warfarin and rifampicin was confirmed. At first, the increasing dose of warfarin and unchanged does of rifampicin caused the patient to reach the lower limit of therapeutic INR (1.5-2.5). Although the dose of warfarin decreased to 8.5 mg/d, discontinuation of rifampicin resulted in increasing INR, leading to bleeding gums. Lowering the dose of warfarin could help that.
Unlike the INR of mechanical heart valve replacement (2.5-3.5) established by the American College of Chest Physicians and the American Heart Association and American College of Cardiology, the anticoagulation strength of the Chinese population (1.5-2.5) is significantly lower than in the non-Chinese population because the prognosis of bleeding events is more serious than embolic events in Chinese people[5], who tend to eat more vitamin-K-rich vegetables.
Table 2 summarizes case reports on the interaction between rifampicin and warfarin. The INR therapeutic range and warfarin dose listed in Table 2 from other cases are markedly higher than those used for Chinese patients, meaning that Chinese people may not require high-intensity anticoagulation to achieve their therapeutic range and have fewer adverse reactions. Additionally, most of the other cases had tuberculosis, while the present case is the first report of the combined use of rifampicin and warfarin in patients with brucellosis and can thus provide a reference for similar patients.
The Chinese population is also significantly different from other populations in terms of dose adjustment of warfarin. From Table 1, it can be concluded that the dose of warfarin in the non-Chinese population to control the INR value in the therapeutic range is large, with a maximum of 30 mg/d. Our patient reached the therapeutic range at 10.5 mg/d, which further reflects the differences in the population, suggesting that ethnicity may play a role in warfarin therapy. It is necessary to conduct special research on the Chinese population.
In the present case, the pharmacist reduced the dose by 21% immediately after discontinuing rifampicin. Because of the half-life of warfarin, it decreased by another 9% within 2 d and by 42% within 3 d, which is like other case reports. A 71-year-old Caucasian woman had the dose of warfarin reduced by 30% after discontinuing rifampicin and subsequently by 20% within 3 d[18]. In most cases, warfarin dose was directly reduced by 25%-75% within 1 wk after stopping rifampicin, while in a few cases warfarin was stopped for 1-2 d or unchanged[19,20].
Knowledge of the interaction of warfarin with other drugs is changing rapidly, and the active participation of pharmacists in the adjustment of clinical medications will help to reduce the burden on doctors[21]. Rapid and effective adjustment of warfarin dose is still a problem[22]. Chinese pharmacists are gradually developing anticoagulation management for patients[23]. In this case, the dose of warfarin was adjusted for up to 6 mo, which increased the patient’s financial burden and inconvenience. Although doctors and nurses provide anticoagulation management services, the active participation of pharmacists plays a vital role. This case is the embodiment of the advantages of the pharmacist clinic. In other countries, pharmacist outpatient management has proved to be effective. Outpatient anticoagulation services based on pharmacist management have a lower incidence of adverse reactions and a higher control rate than conventional anticoagulation care[24].
The present study had some limitations. The patient’s initial dose based on genetic testing results was not applied to this case nor after rifampicin was discontinued. Second, this case referred to instructions for a 20% weekly increase in warfarin without considering the large effect of rifampicin on warfarin metabolism. We should have increased titration dose and reduced titration times. In the future, effective experience will be drawn to benefit more patients.

CONCLUSION
The combination of rifampicin makes warfarin dose control difficult. The anticoagulation of valve replacement in the Chinese population is different from that in other races. The establishment of a pharmacist clinic provides vital assistance in warfarin dose adjustment.
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Figure 1 Warfarin dose, rifampin dose and international normalized ratio therapy over time. The x-axis represents outpatient visit time. The left y-axis represents warfarin dose administered in mg shown by original shape points and rifampin dose administered in 100 mg shown by triangle points. The right y-axis represents international normalized ratio units and is shown by square points. (1)-(10): Pharmacist intervention notes. INR: International normalized ratio.


Table 1 Summary of outpatient anticoagulation management by pharmacist 
	Date
	Warfarin dosage in mg/d
	INR,
	Pharmacist intervention node
	Pharmacist medication intervention
	Warfarin dosage changes

	
	
	1.5-2.5
	
	
	

	2019-05-19
	3
	0.97
	
	Taking rifampicin, doxycycline and other drugs at the same time
	None

	2019-05-24
	3
	0.97
	
	Taking rifampicin, doxycycline and other drugs at the same time
	None

	2019-05-30
	3.75
	0.97
	(1)
	Taking rifampicin, doxycycline and other drugs at the same time
	Increased to 3.75 mg/d (+ 25%)

	2019-06-10
	3.75
	0.97
	
	Taking rifampicin, doxycycline and other drugs at the same time
	None

	2019-06-10
	5
	1.01
	(2)
	Taking rifampicin, doxycycline and other drugs at the same time. Considering there was no significant change in INR value when warfarin dosage was 3.75 mg/d, warfarin dosage increased and changed to imported warfarin
	Increased to 5.00 mg/d (+ 33%)

	2019-06-18
	6
	1.06
	(2)
	Taking rifampicin, doxycycline and other drugs at the same time. Considering there was no significant change in INR value when warfarin dosage was 5.00 mg/d, warfarin dosage increased and changed to imported warfarin
	Increase to 6.00 mg/d (+ 20%)

	2019-06-20
	6.75
	1.2
	(3)
	Taking rifampicin, doxycycline and other drugs at the same time. The INR value increased, and the warfarin dose continued to increase slightly
	Increased to 6.75 mg/d (+ 12%)

	2019-07-09
	7.5
	1.26
	(4)
	Taking rifampicin, doxycycline and other drugs at the same time. The INR value increased, and the warfarin dose continued to increase slightly
	Increased to 7.50 mg/d (+ 11%)

	2019-07-23
	8.25
	1.49
	(4)
	Taking rifampicin, doxycycline and other drugs at the same time. The INR value increased, and the warfarin dose continued to increase slightly
	Increased to 8.25 mg/d (+ 10%)

	2019-07-30
	9.75
	1.57
	
	Taking rifampicin and doxycycline at the same time. The lower limit of the INR value guideline was reached, but the increase was limited, so continued to increase warfarin dosage significantly
	Increased to 9.75 mg/d (+ 18%)

	2019-08-12
	10.5
	1.63
	
	Taking rifampicin and doxycycline at the same time. Reaching the INR value therapeutic range. Continued to increase slightly
	Increased to 10.5 mg/d (+ 8%)

	2019-08-19
	10.5
	1.6
	(5)
	Taking rifampicin and doxycycline at the same time
	None

	2019-08-22
	8.25
	1.58
	(5)
	Stopped taking rifampicin and doxycycline. There is no more rifampicin interaction. Taking into account that 10.5 mg/d was the highest dose we used and stopping rifampicin could have a great impact, we greatly reduced the warfarin dose
	Reduced to 8.25 mg/d (-21%)

	2019-08-24
	7.5
	1.65
	(6)
	Considering the long half-life of warfarin, we continued to reduce the warfarin dose
	Reduced to 7.50 mg/d (-9%)

	2019-09-03
	6
	1.9
	(6)
	7.50 mg/d is already a large dose for Asians. INR value was increased after the 9% dosage reduction. Continued to reduce the dosage
	Reduced to 6.00 mg/d (-20%)

	2019-09-10
	6
	1.78
	(7)
	In the therapeutic range. No change
	None

	2019-09-17
	7.5
	1.63
	(7)
	INR value decreased, so increased warfarin dose
	Increased to 7.50 mg/d (+ 25%)

	2019-09-25
	8.25
	1.72
	(7)
	Limited rise in INR, so increased warfarin dose
	Increased to 8.25 mg/d (+ 10%)

	2019-10-22
	8.25
	2.64
	(8)
	Occasionally higher INR value observed
	None

	2019-11-22
	8.25
	2.68
	(8)
	INR was still high. Occasional bleeding gums
	None

	2019-12-09
	7.5
	2.38
	(9)
	INR was in the range of 1.5-2.5
	Reduced to 7.50 mg/d (-9%)

	2020-02-14
	7.5
	1.78
	(10)
	INR was in the range of 1.5-2.5
	None

	2019-03-09
	7.5
	1.98
	
	INR was in the range of 1.5-2.5
	None


(1)-(10): Pharmacist intervention notes. INR: International normalized ratio.



Table 2 Summary of studies reporting interaction of rifampin and warfarin
	Ref.
	Country
	Race
	Age in yr
	Sex
	Therapeutic INR range
	Disease
	Warfarin dose range in mg/d
	Warfarin dose adjustment

	Romankiewicz et al[8], 1975
	United States
	Black
	48
	Male
	Prothrombin time
	Tuberculosis, pulmonary embolism
	7.5-20
	Starting dose of 7.5 mg/d, increased to 20 mg/d within 8 d, and warfarin dose decreased by 50% 7 d after rifampicin was discontinued

	Self et al[25], 1975
	United States
	Unknown
	72
	Male
	Prothrombin time
	Pulmonary tuberculosis, pulmonary embolism
	5-20
	Initially 5 mg/d, increased to 20 mg/d, decreased to 15 mg/d after 8 d of rifampicin discontinuation, and gradually decreased to 10 mg/d

	Almog et al[26], 1988
	Israel
	White
	30
	Female
	Prothrombin time
	Chronic obstructive lung disease, pulmonary tuberculosis, deep vein thrombosis, pulmonary embolism
	8.7-15.3
	Average 15.3 mg/d to attain therapeutic INR and decreased by 50% to average 8.7 mg/d after rifampicin discontinued

	Casner et al[27], 1996
	United States
	Black
	36
	Male
	2.0-3.0
	Staphylococcus aureus infection, pulmonary embolism
	5-20
	10 mg/d, increased to 20 mg/d in 20 d, decreased to 5 mg/d immediately after rifampin is stopped

	Lee et al[22], 2001
	United States
	Unknown
	58
	Female
	2.0-3.0
	Pulmonary tuberculosis, left ventricular dysfunction
	5-25
	Starting at 5 mg/d, increased by 233% over 4 mo and unable to attain therapeutic INR during rifampicin combination. A gradual 70% reduction in warfarin dose over 4-5 wk after rifampicin discontinued

	Baciewicz et al[9], 2013
	United States
	Unknown
	79
	Male
	2.0-3.0
	Deep vein thrombosis, pulmonary embolism, osteomyelitis
	5-25
	Taking long-term warfarin at 5 mg/d, the dose increased by 10%-25% weekly to 25 mg/d after combined use. The dose was reduced by 70% within 4-5 wk to 5 mg/d after rifampicin discontinued

	Unal et al[28], 2007
	Turkey
	Unknown
	16
	Female
	2.0-3.0
	Drug abuse
	—
	Acute event, not comparable

	Krajewski et al[18], 2010
	United States
	White
	71
	Male
	2.0-3.0
	Deep vein thrombosis, prosthetic knee infection due to methicillin-resistant Staphylococcus aureus
	5-25
	Starting at 5 mg/d, increased to 25 mg/d in 2 mo, and the 5-fold increase did not reach the therapeutic INR. After stopping rifampicin, it was reduced by 30% to 17.5 mg/d, and after 3 d it was reduced by 20% to 12.5 mg/d, reduced to 10 mg/d after 1 wk, then gradually reduced to 5-5.5 mg/d in the next 2-3 mo

	Martins et al[19], 2013
	Brazil
	Non-white
	59
	Female
	2.0-3.0
	Atrial fibrillation, pleural TB
	5.3-11
	Long-term use of 7.5 mg/d, increased to 11 mg/d within 3 mo after combined use, hematuria occurred after rifampicin was discontinued, the drug was stopped twice, the dose decreased by 33% to 7.5 mg/d, and then adjusted to 5.3 mg/d

	Fahmi et al[20], 2016
	Sri Lanka
	White
	34
	Female
	2.5-3.5
	Mitral valve replacement, infective endocarditis
	7.5-30
	7.5 mg/d, conservatively increased to 15 mg/d in 1 mo, 22 mg/d in 2 wk, and then increased to 30 mg/d. Continuous monitoring of INR value after antibiotics discontinued without dose adjustment. At 11 d of discontinuation, the INR value increased to 10.2, then dose reduced to 7.5 mg/d

	Raru et al[29], 2019
	United States
	White
	67
	Male
	2.0-3.0
	Pulmonary vein thrombosis, tuberculosis
	-
	10 mg/d


INR: International normalized ratio; TB: Tuberculosis.
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