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Lopinavir/ritonavir, an anti-severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) drug, may be associated with the development of liver injury.

In this paper, we reported an elderly female patient with drug-induced liver

injury secondary to lopinavir/ritonavir, which was evaluated for their causality

using the updated Roussel Uclaf Causality Assessment Method (RUCAM) of

2016. She had a RUCAM score of 8 which was equivalent to a probable

causality grading. Her clinical course was complicated by persistent hepatocyte

secretion failure (PHSF), followed by septic shock and SARS-CoV-2 re-infection

during her hospitalization. Her response to any medical intervention, including

ursodeoxycholic acid, glutathione, methylprednisolone sodium succinate,

rifampicin, artificial liver support, and endoscopic nasobiliary drainage (ENBD)

was very poor, and her family members refused liver transplantation. Finally, she

died. In summary, this case suggests the possibility that lopinavir/ritonavir can

cause DILI and even PHSF in our clinical practice.

KEYWORDS

case report, drug-induced liver injury, persistent hepatocyte secretion failure,

lopinavir/ritonavir, updated RUCAM

Introduction

Drug-induced liver injury (DILI) refers to liver damage caused by drugs and/or their

metabolites, which is associated with hypersensitivity or decreased tolerance to drugs

during medications. Its main clinical manifestations include abnormal liver tests (LTs)

and jaundice, while a few patients may also experience fever, rash, and eosinophilia (1).

Its diagnosis is based on a history of hepatotoxic drug use in combination with imaging
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data after excluding other causes of abnormal LTs (2). Abnormal

LTs are necessary for the diagnosis of DILI, but unspecific,

including one of the following liver function parameters with their

respective thresholds: 1) alanine aminotransaminase (ALT) ≥5

times the upper limit of normal (ULN); or 2) alkaline phosphatase

(ALP) ≥2 times ULN, especially in the case of elevated γ-glutamyl

transpeptidase (GGT) after exclusion of bone diseases that also

may cause elevated ALP (3, 4). Currently, the original Roussel

Uclaf Causality Assessment Method (RUCAM) published in 1993

and the updated RUCAM in 2016 are the most widely used

tools for diagnosing DILI (5, 6). Early diagnosis and withdrawal

of suspected drugs are very important for the treatment of

DILI (1).

Lopinavir/ritonavir, a combination drug used to treat severe

acute respiratory syndrome coronavirus 2 (SARS-COV2), may be

a risk factor for severe liver damage (7). In a study including

148 patients with coronavirus disease 2019 (COVID-19), the

use of lopinavir/ritonavir was highly related to liver injury (8).

In another cohort study of 1040 COVID-19 patients, the use

of lopinavir/ritonavir was associated with an increase in the

ratio of ALT to aspartate aminotransaminase (AST), which is an

important cause of abnormal liver function and indicates worse

outcome (9). In a systematic review, 393 of 996 cases developing

liver injury caused by drugs for COVID-19 were verified as the

existence of DILI by RUCAM (10). Meanwhile, it also indicated

the possibility of DILI caused by lopinavir/ritonavir in COVID-19

patients (10).

Persistent hepatocyte secretion failure (PHSF), first proposed

by van Dijk et al. in 2015, refers to severe dysfunction of

hepatocellular secretion caused by multiple factors, such as drugs,

infections, and transient biliary obstruction, resulting in massive

cholestasis (11). Even if the pathogenic factors are removed, severe

jaundice caused by massive cholestasis may last for several months.

The pathogenesis of PHSF remains unclear, but it is probably due

to the inhibition of bile synthesis and transport in hepatocytes after

acute injury (12).

Herein, we reported a female patient who suffered fatal

DILI secondary to lopinavir/ritonavir, then developed PHSF with

many other serious complications during her hospitalization, and

eventually died.

Case presentation

A 72-year-old female patient was admitted to her local

hospital due to progressive jaundice on June 26, 2023. In early

June 2023, she was diagnosed with COVID-19 and treated with

lopinavir/ritonavir. On June 26, laboratory tests showed that

total bilirubin (TBIL) was 76.2 µmol/L (reference range: 0–21.0

µmol/L), ALT was 404 U/L (reference range: 0–50 U/L), AST

was 277 U/L (reference range: 0–40 U/L), and GGT was 1,290

U/L (reference range: 7–45 U/L). After symptomatic treatment,

jaundice was not relieved and TBIL level persistently increased.

On July 13, 17, 21, and 25, she was repeatedly treated with

dual plasma molecular adsorption system. Since July 24, she

was given intravenous infusion of methylprednisolone sodium

succinate at a dosage of 40 mg/d, but TBIL level was not

improved. Laboratory tests on July 26 showed that TBIL was

444.3 µmol/L, ALT was 324 U/L, AST was 217 U/L, ALP

was 712 U/L (reference range: 50–135 U/L), and GGT was 678

U/L. Meanwhile, she presented with somnolence, weakness, and

poor appetite.

On July 31, 2023, the patient was transferred to our

department. Notably, prior to our admission, she had stopped

taking lopinavir/ritonavir. Laboratory tests showed that TBIL was

614.8 µmol/L, direct bilirubin (DBIL) was 393.4 µmol/L (reference

range: 0–8.0 µmol/L), ALT was 454.30 U/L, AST was 178.62 U/L,

ALP was 955.75 U/L, GGT was 831.63 U/L, albumin (ALB) was

31.0 g/L (reference range: 40–55 g/L), prothrombin time (PT) was

11.7 s (reference range: 9.0–13.0 s), and international normalized

ratio (INR) was 1.02 (reference range: 0.8–1.2). Autoimmune liver

diseases related antibodies were re-checked, but all of them were

negative. She had a 30-year history of hypertension and took

nifedipine sustained-release tablet, but denied any other medical

or drug use history. Her updated RUCAM score was 8, suggesting

a probable causality grading of DILI for lopinavir/ritonavir.

Intravenous infusion of methylprednisolone sodium succinate

40 mg/d, glutathione 1.8 g/d, and polyene phosphatidylcholine

465 mg/d was given in combination with oral administration

of ursodeoxycholic acid (UDCA) capsule 0.75 g/d. However,

severe cholestasis still persisted. The possibility of hereditary liver

diseases was also screened. Heterogeneous ABCC6 gene mutation

was found. Besides, given her clinical manifestations and disease

history, a diagnosis of PHSF was also considered. Thus, she was

given 0.3 g/d rifampicin on August 2, 2023. To further rule

out the probability of vanishing bile duct syndrome, she also

underwent CT-guided percutaneous liver biopsy. Liver histology

showed cholestasis of hepatocyte bile capillaries, but bile duct

was visible without evidence of bile duct obstruction or chronic

liver injury.

On August 4, the patient developed fever with the highest

body temperature of 38◦C, and then was treated with antipyretics.

At the same day, laboratory tests showed that TBIL was 597.8

µmol/L, DBIL was 391.9 µmol/L, ALT was 438.04 U/L, AST was

262.07 U/L, ALP was 1,011.90 U/L, GGT was 732.96 U/L, ALB was

32.0 g/L, PT was 11.4 s, and INR was 0.99. Generally, she had a

poor response to drugs for improving cholestasis. Thus, endoscopic

retrograde cholangiography (ERC) with endoscopic nasobiliary

drainage (ENBD) was performed on August 10, 2023. After that,

yellow clarified bile was drained out. On August 11, laboratory

tests showed that TBIL was 555.3 µmol/L, DBIL was 409.5 µmol/L,

ALT was 107.29 U/L, AST was 93.63 U/L, ALP was 696.42 U/L,

GGT was 603.43 U/L, ALB was 31.0 g/L, PT was 11.6 s, and

INR was 1.01.

On August 13, she still presented with jaundice, and thus

plasma exchange was re-considered. However, at the same day,

she developed fever again with a body temperature of 38.9◦C, but

without chills. SARS-CoV-2 nucleic acid test was positive without

other respiratory virus infection. Her family members refused

azvudine or other antiviral drugs for COVID-19, because they were

considered as a risk of hepatotoxicity and might further worsen

liver damage.

On August 14, contrast-enhanced MRI (Figure 1) and

MRCP (Figure 2) examinations were performed, indicating
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FIGURE 1

MRI scans in this patient.

mild abdominal fluid without any obvious hepatic and bile

duct abnormality.

Since August 15, the patient developed fever and chills with

a pulse rate of 126/min, a blood pressure of 60/40 mmHg, the

highest body temperature of 40.1◦C, an elevated procalcitonin level

of 10.20 ng/ml (reference range: <0.05 ng/ml), and a significantly

decreased white blood cell count of 1.2 × 109/L containing a

lymphocyte count of 0.67 × 109/L and a neutrophil count of 0.3 ×

109/L, suggesting the possibility of septic shock. Thus, meropenem

and vancomycin were subsequently given. Since then, her body

temperature gradually normalized. Blood culture results obtained

on August 22 suggested carbapenem-resistant Escherichia coli

infection. Thus, amikacin sulfate combined with tigecycline was

intravenously given.

On August 23, 2023, there was no bile outflow from the

nasobiliary drainage. Laboratory tests showed that TBIL was 600.6

µmol/L, DBIL was 474.6 µmol/L, ALT was 62.17 U/L, AST was

109.70 U/L, ALP was 1,186.53 U/L, GGT was 784.60 U/L, ALB was

33.1 g/L, PT was 12.6 s, and INR was 1.10. The patient’s general

conditions persistently deteriorated (Figure 3). On September 4,

2023, her family members refused further treatment and liver

transplantation. After that, she developed multiple gastrointestinal

bleeding events. On September 22, 2023, she died at home.

Discussion

A positive SARS-CoV-2 nucleic acid test is the gold standard

for diagnosing COVID-19 (13). Lopinavir/ritonavir, a combined

inhibitor of human immunodeficiency virus protease, has been

used for themanagement of acquired immune deficiency syndrome

(14, 15). During the COVID-19 epidemic, it has also become a

candidate drug for the treatment of COVID-19 (7).

However, its hepatotoxicity should be noted. As we know, drug

metabolism includes phase I and phase II reaction. Phase I reaction

introduces polar groups through oxidation, reduction, and other

enzymatic reactions mainly via cytochrome P450 (CYP450) to

improve the water solubility of drugs; and phase II reaction further

increases the polarity of the drugs and promotes excretion through

the binding reaction (16). Subsequently, the post-metabolized

product or the unmetabolized drug is actively excreted from

FIGURE 2

MRCP in this patient.

the cell via the adenosine triphosphate (ATP)-binding cassette

(ABC) transporter (17). There are a variety of CYP450 isoenzymes

in the liver, among which CYP3A4 accounts for 30% of the

total CYP enzymes in the liver (17). Lopinavir/ritonavir is an

inhibitor of CYP3A4 and CYP2D6, which affects the metabolism

of drugs and leads to liver damage (18, 19). Additionally,

lopinavir/ritonavir also inhibits many ABC transporters, including

ABCC2, ABCB1, ABCB3, and ABCB11 (20–22). Collectively, liver

injury caused by lopinavir/ritonavir develops. Cai et al. (23) found

that lopinavir/ritonavir could lead to a four-fold increase in the risk

of liver injury among the COVID-19 patients. But liver damage can

be rapidly improved after the discontinuation of lopinavir/ritonavir

(24). Therefore, lopinavir/ritonavir is potentially hepatotoxic,

and should be cautiously used in clinical practice to avoid

the development of DILI (25). In our case, DILI caused by

lopinavir/ritonavir is considered, based on the interval from

the start of this drug to the onset of illness, changes of

biochemical indexes, and exclusion of other causes of liver

injury (6).

Classification of DILI can guide the choice of treatment.

According to the level of liver enzymes, DILI can be divided
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FIGURE 3

Changes of TBIL, AST, ALT, ALP, and GGT in this patient. TBIL, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP,

alkaline phosphatase, GGT, γ-glutamyl transpeptidase.

into three following types: 1) hepatocellular type, characterized

as ALT ≥5 times ULN or a ratio of ALT to ALP ≥ 5; 2)

cholestatic type, characterized as ALP ≥2 times ULN or a ratio

of ALT to ALP ≤2; and 3) mixed type, characterized as a ratio

of ALT to ALP ranging from 2 to 5 (3). The most important

treatment for DILI is to stop using hepatotoxic drugs. Besides,

liver-protective drugs, such as N-acetylcysteine, glycyrrhizic acid

preparation, bicyclol, polyene phosphatidylcholine, and silymarin,

are usually effective for hepatocyte type DILI; anti-cholestasis

drugs, such as UDCA and S-adenosylmethionine, are usually

effective for cholestasis type DILI; and two or more liver-

protecting drugs for mixed type (26). In addition, glucocorticoids

are also effective for the treatment of DILI, but they have

many adverse effects and should be cautiously prescribed (1,

26). When DILI progresses, such as acute liver failure and

hepatic encephalopathy, liver transplantation should be considered

(1). Our case was diagnosed with cholestasis type DILI, but

poorly responded to UDCA, glucocorticoids, and artificial

liver therapy.

The diagnostic criteria for PHSF include: 1) TBIL level >

255 µmol/L; 2) a persistent increase of TBIL level for more

than one week after eliminating the potential inducing factors; 3)

exclusion of obstructive cholestasis by imaging; and 4) no previous

history of chronic liver disease (11). Besides, genetic mutations

may be related to the development of PHSF. ABC transporters

are a membrane protein superfamily composed of 48 members,

which can transport a variety of biological substances through

lipid membranes (27). Dysfunction of ABC transporters may be

associated with impaired bile formation or excretion, leading to

hyperbilirubinemia and cholestasis (27). Bile salt export pump

(BSEP) encoded by ABCB11 gene is critical for mediating the

transportation of bile acid into the bile duct (28). Multidrug

resistance protein 3 (MDR3) encoded by ABCB4 gene promotes

the transport of phosphatidylcholine into bile, and phospholipid

flippase encoded by ATP8B1 gene is essential for the MDR3

function (28). What’s more, uridine diphosphate glucuronosyl

transferase 1A1 (UGT1A1) encoded by UGT1A1 gene is mainly

responsible for glucosylation of bilirubin (29). UGT1A1 gene

mutation can lead to the reduction or complete disappearance

of UGT1A1 activity, eventually resulting in hyperbilirubinemia

(29). Collectively, hepatocyte and bile duct epithelium can be

prevented from bile acid toxicity through BSEP-mediated bile

acid excretion and MDR3-mediated bile transportation, while

UGT1A1 contributes to the normalization of bilirubin level (28,

29). Defective gene variants or mutations in the canalicular

transporter genes ATP8B1, ABCB11, and/or UGT1A1 potentially

serve as genetic risk factors of PHSF (11, 12) as well as

ABCB4 deficiency (30). Despite our case was diagnosed with

PHSF according to the above diagnostic criteria, her genetic test

did not demonstrate ATP8B1, ABCB11, UGT1A1, or ABCB4

mutation, but heterogeneous ABCC6 gene mutation, suggesting

that ABCC6 gene mutation was probably associated with PHSF.

It has been shown that the ABCC6 gene is responsible for

maintaining serum inorganic pyrophosphate (PPi) homeostasis,

which is a major inhibitor of ectopic calcification (31). Thus,

ABCC6 gene mutation leads to the deficiency of PPi and

the development of ectopic calcification (31), and it is mainly

associated with pseudoxanthoma elasticum (PXE), a rare genetic

disease characterized by atherosclerosis and ectopic calcification

of connective tissue (31). ABCC6 gene plays an important role

in maintaining cholesterol homeostasis, and cholesterol is one

of the important components of bile. Therefore, the disorder of

cholesterol metabolism caused by ABCC6 gene mutation may

indirectly affect bile metabolism, which may be another cause of

PHSF (32). In addition, it has been shown that ABCC6 gene affects

bile acid levels by affecting the expression of ABCG5 and ABCG8 in
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mice models (31). However, the current knowledge is very limited

regarding the contribution of ABCC6 gene mutation to abnormal

bile metabolism and development of PHSF in humans. In future,

more comprehensive investigations are warranted to enhance the

diagnostic performance of genetic mutation testing in patients

with PHSF.

Rifampin, a typical human pregnane X receptor (PXR) agonist,

can induce the expression of Cytochrome P450 3A4 (CYP3A4)

by activating PXR, and then transform CYP3A4 into a more

hydrophilic conjugate catalyzed by enzymes, such as UGT1A1,

thereby enhancing the binding and excretion of bilirubin (33).

PXR activates the expression of multidrug resistance associated

protein 2 (MRP2) encoded by ABCC2, which is responsible

for the transportation of bilirubin glucuronide into bile for

metabolism (33). PXR activation also upregulates transporters,

such as P-glycoprotein, which ultimately transport detoxified

bile acid metabolites into bile or urine (33). Thus, rifampicin

may be an effective choice of treatment for PHSF (11, 12).

van Dijk et al. (11) found that TBIL levels were significantly

reduced among 13 patients with PHSF after rifampicin treatment.

Similarly, Shi et al. also showed that TBIL levels normalized in

14 of 16 patients with PHSF after rifampicin treatment (12).

Unfortunately, rifampicin was ineffective in our case. Based on

the current findings, it is only effective for cholestasis caused

by the UGT1A1, ABCB11, and ABCC2 gene mutations (12).

By comparison, in our case, only ABCC6 gene mutation was

detected, and there were multiple serious complications during her

hospitalization, which may be a major cause for poor response

to rifampicin.

ENBD might be considered in patients with PHSF who had

a poor response to rifampicin (12). Shi et al. (12) reported that

persistent cholestasis disappeared and TBIL levels normalized after

nasobiliary drainage in two patients with PHSF who didn’t respond

well to rifampicin. However, ENBD was of limited efficacy in

our case.

If liver transplantation is not performed, PHSF may threaten

the patient’s life. However, until now, no studies have explored the

efficacy of liver transplantation for PHSF. Regardless, the patient’s

family refused liver transplantation.

Conclusion

It should be recognized that lopinavir/ritonavir can cause

DILI, and should be immediately discontinued in the case

where a diagnosis of DILI is suspected. Moreover, PHSF should

be considered, if severe jaundice still persists after stopping

hepatotoxic drugs and the response to conventional anticholestatic

drugs and glucocorticoids is poor. In future, it should be warranted

to explore the efficacy and safety of rifampicin, ENBD, and liver

transplantation treatment on PHSF.

Data availability statement

The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be

directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual(s)

for the publication of any potentially identifiable images or data

included in this article.

Author contributions

YS: Conceptualization, Data curation, Methodology, Project

administration, Validation, Writing – original draft, Writing –

review & editing. RW: Conceptualization, Data curation, Project

administration, Writing – review & editing. CW: Data curation,

Methodology, Visualization, Writing – review & editing. XS:

Project administration, Supervision, Writing – review & editing.

XZ: Conceptualization, Investigation, Methodology, Writing –

review & editing. HL: Data curation, Methodology, Writing –

review & editing. YC: Conceptualization, Validation, Writing –

review & editing. BD: Conceptualization, Supervision, Writing –

review & editing. YL: Conceptualization, Supervision, Writing –

review & editing. SJ: Investigation, Writing – review & editing.

XQ: Conceptualization, Project administration, Supervision,

Visualization, Writing – review & editing.

Funding

The author(s) declare financial support was received for

the research, authorship, and/or publication of this article. The

present study was partially supported by the National Key

R&D Program of China (2023YFC2507500), the Outstanding

Youth Foundation of Liaoning Province (2022-YQ-07), the

Shenyang Science and Technology Plan Project (24-214-3-143),

and the Science and Technology Plan Project of Liaoning

Province (2022JH2/101500032).

Acknowledgments

We are grateful to Professor Rolf Teschke from the Academic

Teaching Hospital of the Medical Faculty, Goethe University

Frankfurt for his guidance in writing the article.

Conflict of interest

The authors declare that they were an editorial board member

of Frontiers, at the time of submission. This had no impact on the

peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Frontiers inMedicine 05 frontiersin.org

https://doi.org/10.3389/fmed.2025.1492002
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Sun et al. 10.3389/fmed.2025.1492002

References

1. Yu YC, Mao YM, Chen CW, Chen JJ, Chen J, Cong WM, et al. CSH guidelines
for the diagnosis and treatment of drug-induced liver injury. Hepatol Int. (2017)
11:221–41. doi: 10.1007/s12072-017-9793-2

2. Hosack T, Damry D, Biswas S. Drug-induced liver injury: a
comprehensive review. Therap Adv Gastroenterol. (2023) 16:17562848231163410.
doi: 10.1177/17562848231163410

3. Liver. EAftSot. EASL Clinical Practice Guidelines: drug-induced liver injury. J
Hepatol. (2019) 70:1222–61. doi: 10.1016/j.jhep.2019.02.014

4. Teschke R, Danan G. Worldwide use of RUCAM for causality assessment
in 81,856 idiosyncratic DILI and 14,029 HILI cases published 1993-mid 2020: a
comprehensive analysis.Medicines. (2020) 7:62. doi: 10.3390/medicines7100062

5. Danan G, Benichou C. Causality assessment of adverse reactions to drugs–
I. A novel method based on the conclusions of international consensus meetings:
application to drug-induced liver injuries. J Clin Epidemiol. (1993) 46:1323–30.
doi: 10.1016/0895-4356(93)90101-6

6. Danan G, Teschke R. RUCAM in drug and herb induced liver injury: the update.
Int J Mol Sci. (2015) 17:14. doi: 10.3390/ijms17010014

7. Lepage MA, Rozza N, Kremer R, Grunbaum A. Safety and effectiveness concerns
of lopinavir/ritonavir in COVID-19 affected patients: a retrospective series. Clin
Toxicol. (2021) 59:644–7. doi: 10.1080/15563650.2020.1842882

8. Yu D, Du Q, Yan S, Guo XG, He Y, Zhu G, et al. Liver injury in
COVID-19: clinical features and treatment management. Virol J. (2021) 18:121.
doi: 10.1186/s12985-021-01593-1

9. Yip TC, Lui GC, Wong VW, Chow VC, Ho TH, Li TC, et al. Liver injury is
independently associated with adverse clinical outcomes in patients with COVID-19.
Gut. (2021) 70:733–42. doi: 10.1136/gutjnl-2020-321726

10. Teschke R, Mendez-Sanchez N, Eickhoff A. Liver injury in COVID-19 patients
with drugs as causatives: a systematic review of 996 DILI cases published 2020/2021
based on RUCAM as causality assessment method. Int J Mol Sci. (2022) 23:4828.
doi: 10.3390/ijms23094828

11. van Dijk R, Kremer AE, Smit W, van den Elzen B, van Gulik T, Gouma D, et al.
Characterization and treatment of persistent hepatocellular secretory failure. Liver Int.
(2015) 35:1478–88. doi: 10.1111/liv.12603

12. Shi M, Sheng L, Lian M, Miao Q, Wang Q, Xiao X, et al. Efficacy and safety of
rifampicin in patients with persistent hepatocellular secretory failure. J Gastroenterol
Hepatol. (2021) 36:3233–8. doi: 10.1111/jgh.15629

13. Hayden MK, Hanson KE, Englund JA, Lee MJ, Loeb M, Lee F, et al. The
infectious diseases Society of America guidelines on the diagnosis of COVID-19:
molecular diagnostic testing (December 2023). Clin Infect Dis. (2024) 78:e385–415.
doi: 10.1093/cid/ciad646

14. Pasquau J, Hidalgo-Tenorio C, Montes ML, Romero-Palacios A, Vergas
J, Sanjoaquín I, et al. High quality of life, treatment tolerability, safety and
efficacy in HIV patients switching from triple therapy to lopinavir/ritonavir
monotherapy: a randomized clinical trial. PLoS ONE. (2018) 13:e0195068.
doi: 10.1371/journal.pone.0195068

15. Pulido F, Delgado R, Perez-Valero I, González-García J,Miralles P, Arranz A, et al.
Long-term (4 years) efficacy of lopinavir/ritonavir monotherapy for maintenance of
HIV suppression. J Antimicrob Chemother. (2008) 61:1359–61. doi: 10.1093/jac/dkn103

16. Yuan L, Kaplowitz N. Mechanisms of drug-induced liver injury. Clin Liver Dis.
(2013) 17:507–18, vii. doi: 10.1016/j.cld.2013.07.002

17. Li X, Wang W, Yan S, Zhao W, Xiong H, Bao C, et al. Drug-induced liver
injury in COVID-19 treatment: incidence, mechanisms and clinical management.
Front Pharmacol. (2022) 13:1019487. doi: 10.3389/fphar.2022.1019487

18. Loos NHC, Beijnen JH, Schinkel AH. The mechanism-based inactivation
of CYP3A4 by ritonavir: what mechanism? Int J Mol Sci. (2022) 23:9866.
doi: 10.3390/ijms23179866

19. Agarwal S, Agarwal SK. Lopinavir-ritonavir in SARS-CoV-2 infection and
drug-drug interactions with cardioactive medications. Cardiovasc Drugs Ther. (2021)
35:427–40. doi: 10.1007/s10557-020-07070-1

20. Ambrus C, Bakos E, Sarkadi B, Ozvegy-Laczka C, Telbisz A. Interactions of
anti-COVID-19 drug candidates with hepatic transporters may cause liver toxicity and
affect pharmacokinetics. Sci Rep. (2021) 11:17810. doi: 10.1038/s41598-021-97160-3

21. Perloff MD, Von Moltke LL, Marchand JE, Greenblatt DJ. Ritonavir induces P-
glycoprotein expression, multidrug resistance-associated protein (MRP1) expression,
and drug transporter-mediated activity in a human intestinal cell line. J Pharm Sci.
(2001) 90:1829–37. doi: 10.1002/jps.1133

22. Ernest CS, 2nd, Hall SD, Jones DR. Mechanism-based inactivation of
CYP3A by HIV protease inhibitors. J Pharmacol Exp Ther. (2005) 312:583–91.
doi: 10.1124/jpet.104.075416

23. Cai Q, Huang D, Yu H, Zhu Z, Xia Z, Su Y, et al. COVID-19: Abnormal liver
function tests. J Hepatol. (2020) 73:566–74. doi: 10.1016/j.jhep.2020.04.006

24. Lory P, Combret S, Michot J, Veyrac G, Chouchana L, Grandvuillemin A. Safety
profile of the lopinavir/ritonavir combination before and during the SARS-CoV-2
pandemic. Therapie. (2023) 78:419–25. doi: 10.1016/j.therap.2022.10.066

25. Li L, Wang X, Wang R, Hu Y, Jiang S, Lu X. Antiviral agent therapy optimization
in special populations of COVID-19 patients.Drug Des Devel Ther. (2020) 14:3001–13.
doi: 10.2147/DDDT.S259058

26. Li M, Luo Q, Tao Y, Sun X, Liu C. Pharmacotherapies for drug-induced
liver injury: a current literature review. Front Pharmacol. (2021) 12:806249.
doi: 10.3389/fphar.2021.806249

27. Wlcek K, Stieger B. ATP-binding cassette transporters in liver. Biofactors. (2014)
40:188–98. doi: 10.1002/biof.1136

28. Chen HL, Wu SH, Hsu SH, Liou BY, Chen HL, Chang MH. Jaundice revisited:
recent advances in the diagnosis and treatment of inherited cholestatic liver diseases. J
Biomed Sci. (2018) 25:75. doi: 10.1186/s12929-018-0475-8

29. Memon N, Weinberger BI, Hegyi T, Aleksunes LM. Inherited disorders of
bilirubin clearance. Pediatr Res. (2016) 79:378–86. doi: 10.1038/pr.2015.247

30. de Vries E, Mazzetti M, Takkenberg B, Mostafavi N, Bikker H, Marzioni M,
et al. Carriers of ABCB4 gene variants show a mild clinical course, but impaired
quality of life and limited risk for cholangiocarcinoma. Liver Int. (2020) 40:3042–50.
doi: 10.1111/liv.14662

31. Brampton C, Pomozi V, Chen LH, Apana A, McCurdy S, Zoll J, et al.
ABCC6 deficiency promotes dyslipidemia and atherosclerosis. Sci Rep. (2021) 11:3881.
doi: 10.1038/s41598-021-82966-y

32. Kuzaj P, Kuhn J, Dabisch-RutheM, Faust I, Götting C, Knabbe C, et al. ABCC6- a
new player in cellular cholesterol and lipoproteinmetabolism? Lipids Health Dis. (2014)
13:118. doi: 10.1186/1476-511X-13-118

33. Stapelbroek JM, van Erpecum KJ, Klomp LW, Houwen RH. Liver disease
associated with canalicular transport defects: current and future therapies. J Hepatol.
(2010) 52:258–71. doi: 10.1016/j.jhep.2009.11.012

Frontiers inMedicine 06 frontiersin.org

https://doi.org/10.3389/fmed.2025.1492002
https://doi.org/10.1007/s12072-017-9793-2
https://doi.org/10.1177/17562848231163410
https://doi.org/10.1016/j.jhep.2019.02.014
https://doi.org/10.3390/medicines7100062
https://doi.org/10.1016/0895-4356(93)90101-6
https://doi.org/10.3390/ijms17010014
https://doi.org/10.1080/15563650.2020.1842882
https://doi.org/10.1186/s12985-021-01593-1
https://doi.org/10.1136/gutjnl-2020-321726
https://doi.org/10.3390/ijms23094828
https://doi.org/10.1111/liv.12603
https://doi.org/10.1111/jgh.15629
https://doi.org/10.1093/cid/ciad646
https://doi.org/10.1371/journal.pone.0195068
https://doi.org/10.1093/jac/dkn103
https://doi.org/10.1016/j.cld.2013.07.002
https://doi.org/10.3389/fphar.2022.1019487
https://doi.org/10.3390/ijms23179866
https://doi.org/10.1007/s10557-020-07070-1
https://doi.org/10.1038/s41598-021-97160-3
https://doi.org/10.1002/jps.1133
https://doi.org/10.1124/jpet.104.075416
https://doi.org/10.1016/j.jhep.2020.04.006
https://doi.org/10.1016/j.therap.2022.10.066
https://doi.org/10.2147/DDDT.S259058
https://doi.org/10.3389/fphar.2021.806249
https://doi.org/10.1002/biof.1136
https://doi.org/10.1186/s12929-018-0475-8
https://doi.org/10.1038/pr.2015.247
https://doi.org/10.1111/liv.14662
https://doi.org/10.1038/s41598-021-82966-y
https://doi.org/10.1186/1476-511X-13-118
https://doi.org/10.1016/j.jhep.2009.11.012
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

	Persistent hepatocyte secretory failure in lopinavir/ritonavir related to drug-induced liver injury: a case report
	Introduction
	Case presentation
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


