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Case Report



Can Hepatitis B Virus (HBV) Reactivation Result from a Mild COVID-19 Infection?
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Abstract

:

Hepatitis B virus reactivation (HBVr) is a well-described result of immunosuppressive therapy initiation in various diseases, with the dose and duration of treatment being the main factors determining the probability for reactivation. Such cases have also been described in COVID-19 patients treated with immunosuppressive therapies. Nevertheless, cases of COVID-19 infection that led to HBVr with no concurrent immunosuppressive treatment or any other related cause have also been reported. By that observation, we present a patient followed for a period spanning 20 years with HBeAg negative chronic HBV infection and non-detectable HBV DNA who, after a mild COVID-19 infection treated only with low-dose and short-duration-inhaled corticosteroids (ICS), developed elevated AST and ALT as well as elevated HBV DNA levels. Other etiologies of abnormal liver biochemistries during the diagnostic workout were excluded; thus, the diagnosis of HBV reactivation was established. Treatment with entecavir was initiated, leading to the normalization of AST and ALT levels and a decreasing trend of HBV DNA levels. Since other causes of reactivation were excluded, and the ICS dose and duration were found baring only a very low risk (<1%) for HBVr, COVID-19 infection could be considered the most probable cause of reactivation, hence underlining the need for the close monitoring of those patients.
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1. Introduction


Hepatitis B virus (HBV), part of the Hepadnaviridae family [1], is responsible for about 296 million chronic hepatitis infections according to the latest World Health Organization (WHO) data [2]. Following HBV infection and based on the interaction between HBV and the host’s immune system response, the acute infection can either resolve or progress to chronic hepatitis B [1]. Current nomenclature for HBV chronic infection marks the presence of five separate phases, not always as an infection sequence, but based on HBeAg seropositivity as well as serum levels of HBV DNA and alanine aminotransferase (ALT) [1]. Thus, the following phases arise: HBeAg (+) chronic HBV infection, HBeAg (+) chronic hepatitis B, HBeAg (−) chronic HBV infection, HBeAg (−) chronic hepatitis B and the HBsAg-negative phase [1,3]. Common ground in chronic Hepatitis B or infection, regardless of the phase, is the persistent presence of the covalently closed circular DNA (cccDNA) inside the nucleus of the hepatocyte [4]. The cccDNA acts as the template for HBV transcripts that are subsequently translated into the main proteins of the virus [1,5] and plays a vital role in HBV reactivation (HBVr) at any time and any phase, especially under conditions of immunosuppression [6,7,8,9].



As of late 2019, the coronavirus disease 2019 (COVID-19) pandemic has proved to be a serious global public health issue. The responsible virus itself (severe acute respiratory syndrome coronavirus (2-SARS-CoV-2)) not only affects the respiratory system, causing upper and lower respiratory tract infections, but, as already reported in several studies, it also causes liver injury with abnormal liver biochemistry [10,11,12,13]. Furthermore, liver dysfunction, as indicated by abnormal liver biochemistries, correlates with COVID-19 infection severity [12]. Thus, increased levels of AST, ALT and bilirubin and decreased albumin levels are noted in patients with severe clinical manifestations of COVID-19 [12]. Furthermore, liver injury in COVID-19 patients has also been associated with worse disease outcomes [11]. Multiple possible liver injury mechanisms have been proposed in the literature. Such a pathophysiological mechanism is the direct cytopathic effect of SARS-CoV-2 through binding to the angiotensin-converting enzyme 2 (ACE2) and transmembrane serine protease 2 (TMPRSS2) receptors of cholangiocytes and hepatocytes [14]. Other possible mechanisms described in the literature include liver injury caused by severe inflammation; hypoxia, especially in cases of severe respiratory tract infection; the toxicity of the drugs used for COVID-19 treatment; and vascular changes attributed to coagulopathy [15,16].



Taking into consideration the fact that both HBV and SARS-CoV-2 can potentially cause liver injury, several studies attempted to investigate coinfection cases and highlight the effect of the latter on chronic HBV natural history on one hand, and the effect of HBV seropositivity on the severity of COVID-19 infection on the other hand [17]. Attempting to help address this intriguing matter, we report a case of a patient presenting with HBV reactivation soon after COVID-19 infection without the administration of systemic immunosuppressive medication.




2. Case Report


A 49-year-old immunocompetent female presented in an outpatient hepatology department with elevated serum aspartate aminotransferase (AST) and ALT levels. The patient has been followed for HBeAg-negative chronic HBV infection every 6 months for 20 years, presenting normal liver enzymes and undetectable HBV DNA. The patient’s medical history included neither health problems needing long-term medical treatment nor diseases affecting her immune system, such as diabetes mellitus. Moreover, no alcohol consumption, medications over the counter or consumption of herbs or smoking were mentioned. She also reported no past surgical history.



The patient reported symptoms indicative of respiratory tract infection (fatigue, dry cough, sore throat and anosmia) 3 weeks before her presentation at the hepatology department. Since she mentioned close contact with a COVID-19-positive patient, she was tested for COVID-19 infection with a polymerase chain reaction (PCR) test on the second day of her symptoms. The PCR test for COVID-19 came out positive, and due to mild respiratory manifestations without fever or hypoxia, only a combination of budesonide, 160 μg, plus formoterol fumarate dehydrate, 4.5 μg, was prescribed. The treatment duration was 5 days, with a resolution of her symptoms by day 4 of treatment initiation. Over the course of the SARS-CoV-2 infection, the patient experienced no other symptoms or complications and did not need hospitalization. Thus, there was no need for further COVID-19 treatment with systemic corticosteroids such as dexamethasone, baricitinib (Janus Kinase inhibitor) or tocilizumab (anti-interleukin-6 receptor (IL-6R) antagonist) [18].



At her first hepatology consultation appointment 3 weeks after the COVID-19 infection, the patient experienced no other symptoms besides abnormal liver chemistries. More specifically, in the blood tests presented by the patient, aminotransferases were mildly elevated, with an AST level double the upper limit of normal (ULN) and ALT level triple the ULN (Table 1). No other vital deviations from normal were noted in the blood tests presented (Table 1). Liver and hepatitis panel tests and upper abdominal ultrasound were prescribed, and at her second consultation appointment, the patient presented with the results 1 week later. Persisting elevated AST and ALT levels, double and triple the ULN, respectively, were observed (Table 1). As for her Hepatitis B status, the patient was HBsAg (+), HBeAg (-), anti-HBe (+) and anti-HBc (+), with HBV-DNA at 9,350,000 iu/mL (Table 2).



Moreover, the patient tested negative for anti-HCV antibodies, anti-HDV antibodies, antinuclear antibodies (ANA), antimitochondrial antibodies (AMA), anti-smooth-muscle antibodies (ASMA) and anti-dsDNA antibodies (Table 2). Immunoglobulin levels showed no deviation from the average (Table 2). The upper abdominal ultrasound revealed no abnormalities from her liver, gallbladder, biliary tree, pancreas or spleen, while alpha-fetoprotein (a-FP) levels came out normal. Consequently, abnormal liver chemistries were attributed to HBV reactivation, and thus entecavir at a dose of 0.5 mg once daily was prescribed.



Two months after initiating treatment with entecavir, the patient presented for a regular hepatology consultation. Laboratory evaluation revealed that AST and ALT levels had normalized, and no other deviation from normal was noted in the LFTs (Table 1). As for HBV DNA levels, they demonstrated a decreasing trend (HBV DNA = 54,000 IU/mL) (Table 2). The patient remains without clinical symptoms and is under close surveillance in the hepatology department.




3. Discussion


We present a case of HBV reactivation (HBVr) in an immunocompetent female patient with a 20-year history of chronic HBeAg-negative HBV infection occurring after a mild COVID-19 infection. Usually, HBVr occurs when the host immune system loses the ability to suppress virus replication [19]. Both HBsAg-positive/anti-HBc-positive and HBsAg-negative/anti-HBc-positive patients preserve the potential of HBVr [20] under certain circumstances. These comprise the concomitant use of either immunosuppressive therapies or variable viral interactions. Such interaction is well described in HBV/HCV coinfection cases, where HCV usually suppresses HBV replication, leading to low levels of HBV DNA [21,22,23,24]. Consequently, a Direct-Acting antiviral (DAA) therapy aiming for a sustained virologic response (SVR) of HCV infection may disrupt the balance between HBV and HCV, leading to HBV reactivation in cases where no concurrent nucleoside/nucleotide analogue (NA) HBV therapy is applied [21,22].



Regarding the definition of HBVr, various variants have been proposed and used in different studies [25]. We used the latest proposed nomenclature presented by Papatheodoridis et al. (2022) in their latest systematic review, meta-analysis and expert opinion [6]. More specifically, for HBsAg-positive patients with previously undetectable HBV DNA, an increase in HBV DNA ≥ 1000 IU/mL is consistent with HBVr [6]. Accordingly, our patient with a known chronic HBV infection (HBsAg-positive) diagnosed 20 years ago with undetectable HBV DNA until her COVID-19 infection that was currently found with elevated levels of HBV DNA met the proposed criteria for HBVr (Table 2) [6].



In our patient, to ensure the accuracy of the HBVr diagnosis, other causes of viral hepatitis such as HAV, HEV, HCV and HDV were excluded. Moreover, a diagnostic workup for other etiologies of abnormal liver biochemistry, such as autoimmune hepatitis (AIH) and Primary Biliary Cholangitis (PBC), using non-organ-specific autoantibodies such as ANA, ASMA and AMA was carried out [26,27,28]. Imaging with upper abdominal ultrasound was also used to rule out focal liver lesions as a cause for elevated AST and ALT in combination with normal levels of a-FP [29,30].



Following establishing the diagnosis of HBVr, the main question concerned the pathophysiology of HBVr 20 years after the initial diagnosis. The main reason leading to impaired ability to suppress HBV replication and thus to a possible reactivation is the initiation of immunosuppressive treatment [6,25]. A broad spectrum of immunosuppressants have been incriminated for HBVr, such as immune checkpoint inhibitors, tyrosine kinase inhibitors, cytokine inhibitors, CAR T-cell immunotherapy, alkylating agents, anti-proliferative agents, calcineurin inhibitors (CNI), mTOR inhibitors and Janus Kinase inhibitors [6,25]. Additionally, corticosteroid treatment for any indication, including COVID-19, has been in the spotlight of studies investigating its ability to induce HBVr [31,32,33]. This ability is brought about by the activation of a DNA sequence known as Glucocorticoid Response Element (GRE) enclosed in the HBV genome on the one hand [34] and by immunosuppressive properties of corticosteroids on the other hand [25]. Nevertheless, reactivation probability depends on corticosteroids’ dose and treatment duration [6,25]. The American Gastroenterological Association (AGA) addressed this matter [25] by categorizing the HBVr risk induced by immunosuppressants as high when the risk of reactivation is expected to be more than 10%, moderate when the frequency of reactivation is between 1% and 10% and low when reactivation risk is expected to be less than 1%. Thus, for HBsAg-positive patients, a moderate (10–20 mg) or high (>20 mg) dose of prednisone (or equivalent) for ≥4 weeks results in an increased risk for HBVr and a low dose (<10 mg) of prednisone (or equivalent) for ≥4 weeks results in a moderate risk for HBVr, while corticosteroid therapy for ≤1 week results in a low risk for HBVr [25]. Moreover, a dose >20 mg for a treatment duration of >2 weeks results in significant immunosuppression [35].



In our patient, as already mentioned, the course of COVID-19 infection was mild, and as a result, only inhaled budesonide, 160 μg, plus formoterol fumarate dehydrate, 4.5 μg, for a 5-day duration was prescribed. Could this possibly be the reason for HBVr in our case? To address this hypothesis, we had to investigate the possible immunosuppressive properties of inhaled corticosteroids (ICSs). Data regarding ICSs derive from studies addressing their efficacy and safety profile, especially in asthma and chronic obstructive pulmonary disease. ICSs’ action is mainly applied locally at the airway level and is effective in low doses [36]. Apart from this, according to a study from Maijers et al. (2020), an increase of 1000 μg of fluticasone propionate is commensurate with 5 mg of prednisone, while 1000 μg of budesonide is commensurate with 2 mg of prednisone [37]. Thus, even the high doses used in severe respiratory disorders, such as a budesonide dose of up to 1600 μg/day or a fluticasone propionate dose of up to 1000 μg/day [37], correspond to a low dose (<10 mg) of prednisone. As a result, the HBVr risk with ICS courses administered for less than 1 week, as in our patient, is lower than 1%.



Since the immunosuppressive properties of the ICS administered fell short of explaining our patient’s sudden HBVr, a literature review was conducted to investigate the possibility of HBVr induced by COVID-19. Most cases of HBVr after SARS-CoV-2 infection were attributed to immunosuppressive treatment such as dexamethasone at 6 mg per day [4], other systemic corticosteroids like methylprednisolone at 40 mg per day [17,38] or tocilizumab (anti-IL-6R antagonist) that was used in severe cases of COVID-19 [18]. The aforementioned systemic corticosteroid doses correspond to a high dose of prednisone (40 mg of prednisone is equivalent to dexamethasone and >40 mg of prednisone is equivalent to methylprednisolone) [39] that, even when administered for <7 days, can result in increasing the risk for hepatitis flare [32,40].



Interestingly enough, we also came across patient cases where COVID-19 was considered to be the trigger for HBVr, with other causes of reactivation being excluded [15,17,41,42]. The pathogenesis pathway for this reactivation in patients with HBV and SARS-CoV-2 coinfection remains to be elucidated. A possible explanation could be that of viral interactions between the Hepatitis B virus and SARS-CoV-2 resembling the interactions already described in cases of HBV/HCV coinfection [23,24]. Furthermore, another proposed mechanism is disrupting the balance of immune system activity on the one hand and HBV replication on the other [15].




4. Conclusions


In conclusion, due to the low risk for HBVr (lower than 1%) provoked by ICS and other cases presented, our patient’s HBVr was attributed to the recent COVID-19 infection. This deduction underlines the need for close monitoring of patients who are HBsAg-positive in case of infection with SARS-CoV-2 using LFTs and HBV DNA levels. The latter is necessary, especially in elevated LFTs such as AST and ALT. As highlighted in our case presentation, this proposed practice should be applied even when no systemic immunosuppressive treatment is administered. As for the pathophysiological pathway of the reactivation and whether HBVr may result from viral interaction with a non-hepatotropic virus like SARS-CoV-2, more research is needed.







Author Contributions


Authors contributed equally to this manuscript. Conceptualization, I.B., N.P. and M.D.; validation, I.B., N.P. and M.D.; investigation, I.B., S.V. and E.-M.T.; resources, I.B.; data curation, I.B.; writing—original draft preparation, I.B., S.V. and E.-M.T.; writing—review and editing, N.P. and M.D.; visualization, I.B.; supervision, M.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Written informed consent was obtained from the patient to publish this paper.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



European Association for the Study of the Liver. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. J. Hepatol. 2017, 67, 370–398. [Google Scholar] [CrossRef]

	



World Health Organization. Hepatitis B. Available online: https://www.who.int/news-room/fact-sheets/detail/hepatitis-b (accessed on 24 June 2022).

	



Spera, A.M. Hepatitis B virus infection reactivation in patients under immunosuppressive therapies: Pathogenesis, screening, prevention and treatment. World J. Virol. 2022, 11, 275–282. [Google Scholar] [CrossRef] [PubMed]

	



Sagnelli, C.; Montella, L.; Grimaldi, P.; Pisaturo, M.; Alessio, L.; De Pascalis, S.; Sagnelli, E.; Coppola, N. COVID-19 as Another Trigger for HBV Reactivation: Clinical Case and Review of Literature. Pathogens 2022, 11, 816. [Google Scholar] [CrossRef]

	



Lucifora, J.; Protzer, U. Attacking hepatitis B virus cccDNA—The holy grail to hepatitis B cure. J. Hepatol. 2016, 64, S41–S48. [Google Scholar] [CrossRef] [PubMed]

	



Papatheodoridis, G.V.; Lekakis, V.; Voulgaris, T.; Lampertico, P.; Berg, T.; Chan, H.L.; Kao, J.-H.; Terrault, N.; Lok, A.S.; Reddy, K.R. Hepatitis B virus reactivation associated with new classes of immunosuppressants and immunomodulators: A systematic review, meta-analysis, and expert opinion. J. Hepatol. 2022, 77, 1670–1689. [Google Scholar] [CrossRef]

	



Moghoofei, M.; Mostafaei, S.; Ashraf-Ganjouei, A.; Kavosi, H.; Mahmoudi, M. HBV reactivation in rheumatic diseases patients under therapy: A meta-analysis. Microb. Pathog. 2018, 114, 436–443. [Google Scholar] [CrossRef]

	



Sagnelli, C.; Pisaturo, M.; Calò, F.; Martini, S.; Sagnelli, E.; Coppola, N. Reactivation of hepatitis B virus infection in patients with hemo-lymphoproliferative diseases, and its prevention. World J. Gastroenterol. 2019, 25, 3299–3312. [Google Scholar] [CrossRef] [PubMed]

	



Mori, S.; Fujiyama, S. Hepatitis B virus reactivation associated with antirheumatic therapy: Risk and prophylaxis recommendations. World J. Gastroenterol. 2015, 21, 10274–10289. [Google Scholar] [CrossRef]

	



Zhang, C.; Shi, L.; Wang, F.-S. Liver injury in COVID-19: Management and challenges. Lancet Gastroenterol. Hepatol. 2020, 5, 428–430. [Google Scholar] [CrossRef]

	



Sultan, S.; Altayar, O.; Siddique, S.M.; Davitkov, P.; Feuerstein, J.D.; Lim, J.K.; Falck-Ytter, Y.; El-Serag, H.B. AGA Institute Rapid Review of the Gastrointestinal and Liver Manifestations of COVID-19, Meta-Analysis of International Data, and Recommendations for the Consultative Management of Patients with COVID-19. Gastroenterology 2020, 159, 320–334.e27. [Google Scholar] [CrossRef]

	



Youssef, M.; Hussein, M.; Attia, A.S.; Elshazli, R.; Omar, M.; Zora, G.; Farhoud, A.; ElNahla, A.; Shihabi, A.; A Toraih, E.; et al. COVID-19 and liver dysfunction: A systematic review and meta-analysis of retrospective studies. J. Med. Virol. 2020, 92, 1825–1833. [Google Scholar] [CrossRef] [PubMed]

	



Marjot, T.; Webb, G.J.; Barritt, A.S., 4th; Moon, A.M.; Stamataki, Z.; Wong, V.W.; Barnes, E. COVID-19 and liver disease: Mechanistic and clinical perspectives. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 348–364. [Google Scholar] [CrossRef] [PubMed]

	



Pirola, C.J.; Sookoian, S. SARS-CoV-2 virus and liver expression of host receptors: Putative mechanisms of liver involvement in COVID-19. Liver Int. 2020, 40, 2038–2040. [Google Scholar] [CrossRef] [PubMed]

	



Giugliano, L.; Pinon, M.; Calvo, P.L. COVID-19 as a Trigger of Acute-on-Chronic Hepatitis B Presenting with Undetectable INR Due to Hypercoagulability in a 16-Year-Old Girl. Pediatr. Infect. Dis. J. 2023, 42, 143–145. [Google Scholar] [CrossRef] [PubMed]

	



Baroiu, L.; Anghel, L.; Tatu, A.L.; Iancu, A.V.; Dumitru, C.; Leșe, A.-C.; Drăgănescu, M.; Năstase, F.; Niculeț, E.; Fotea, S.; et al. Risk of hepatitis B reactivation: From biologic therapies for psoriasis to immunosuppressive therapies for COVID-19 (Review). Exp. Ther. Med. 2022, 23, 385. [Google Scholar] [CrossRef]

	



Liu, J.; Wang, T.; Cai, Q.; Sun, L.; Huang, D.; Zhou, G.; He, Q.; Wang, F.; Liu, L.; Chen, J. Longitudinal changes of liver function and hepatitis B reactivation in COVID-19 patients with pre-existing chronic hepatitis B virus infection. Hepatol. Res. 2020, 50, 1211–1221. [Google Scholar] [CrossRef]

	



Campbell, C.; Andersson, M.I.; Ansari, M.A.; Moswela, O.; Misbah, S.A.; Klenerman, P.; Matthews, P.C. Risk of Reactivation of Hepatitis B Virus (HBV) and Tuberculosis (TB) and Complications of Hepatitis C Virus (HCV) Following Tocilizumab Therapy: A Systematic Review to Inform Risk Assessment in the COVID-19 Era. Front. Med. 2021, 8, 706482. [Google Scholar] [CrossRef]

	



Perrillo, R.P. Acute flares in chronic hepatitis B: The natural and unnatural history of an immunologically mediated liver disease. Gastroenterology 2001, 120, 1009–1022. [Google Scholar] [CrossRef]

	



Hoofnagle, J.H. Reactivation of hepatitis B. Hepatology 2009, 49, S156–S165. [Google Scholar] [CrossRef]

	



European Association for the Study of the Liver. Electronic address: easloffice@easloffice.eu; Clinical Practice Guidelines Panel: Chair:; EASL Governing Board representative:; Panel members:. EASL recommendations on treatment of hepatitis C: Final update of the series☆ [published correction appears in J. Hepatol. 2023 Feb;78(2):452]. J Hepatol. 2020, 73, 1170–1218. [Google Scholar] [CrossRef]

	



Wang, C.; Ji, D.; Chen, J.; Shao, Q.; Li, B.; Liu, J.; Wu, V.; Wong, A.; Wang, Y.; Zhang, X.; et al. Hepatitis due to Reactivation of Hepatitis B Virus in Endemic Areas Among Patients with Hepatitis C Treated with Direct-acting Antiviral Agents. Clin. Gastroenterol. Hepatol. 2017, 15, 132–136. [Google Scholar] [CrossRef] [PubMed]

	



Papadopoulos, N.; Papavdi, M.; Pavlidou, A.; Konstantinou, D.; Kranidioti, H.; Kontos, G.; Koskinas, J.; Papatheodoridis, G.V.; Manolakopoulos, S.; Deutsch, M. Hepatitis B and C coinfection in a real-life setting: Viral interactions and treatment issues. Ann. Gastroenterol. 2018, 31, 365–370. [Google Scholar] [CrossRef]

	



Konstantinou, D.; Deutsch, M. The spectrum of HBV/HCV coinfection: Epidemiology, clinical characteristics, viralinteractions and management. Ann. Gastroenterol. 2015, 28, 221–228. [Google Scholar]

	



Perrillo, R.P.; Gish, R.; Falck-Ytter, Y.T. American Gastroenterological Association Institute Technical Review on Prevention and Treatment of Hepatitis B Virus Reactivation During Immunosuppressive Drug Therapy. Gastroenterology 2015, 148, 221–244.e3. [Google Scholar] [CrossRef] [PubMed]

	



Carey, E.J.; Ali, A.H.; Lindor, K.D. Primary biliary cirrhosis. Lancet 2015, 386, 1565–1575. [Google Scholar] [CrossRef]

	



Selmi, C.; Bowlus, C.L.; Gershwin, M.E.; Coppel, R.L. Primary biliary cirrhosis. Lancet 2011, 377, 1600–1609. [Google Scholar] [CrossRef] [PubMed]

	



Hennes, E.M.; Zeniya, M.; Czaja, A.J.; Parés, A.; Dalekos, G.N.; Krawitt, E.L.; Bittencourt, P.L.; Porta, G.; Boberg, K.M.; Hofer, H.; et al. Simplified criteria for the diagnosis of autoimmune hepatitis. Hepatology 2008, 48, 169–176. [Google Scholar] [CrossRef]

	



European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182–236. [Google Scholar] [CrossRef]

	



Marrero, J.A.; Kulik, L.M.; Sirlin, C.B.; Zhu, A.X.; Finn, R.S.; Abecassis, M.M.; Roberts, L.R.; Heimbach, J.K. Diagnosis, Staging, and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2018, 68, 723–750. [Google Scholar] [CrossRef]

	



Zhong, Z.; Liao, W.; Dai, L.; Feng, X.; Su, G.; Gao, Y.; Wu, Q.; Yang, P. Average corticosteroid dose and risk for HBV reactivation and hepatitis flare in patients with resolved hepatitis B infection. Ann. Rheum. Dis. 2022, 81, 584–591. [Google Scholar] [CrossRef]

	



Wong, G.L.-H.; Wong, V.W.-S.; Yuen, B.W.-Y.; Tse, Y.-K.; Yip, T.C.-F.; Luk, H.W.-S.; Lui, G.C.-Y.; Chan, H.L.-Y. Risk of hepatitis B surface antigen seroreversion after corticosteroid treatment in patients with previous hepatitis B virus exposure. J. Hepatol. 2020, 72, 57–66. [Google Scholar] [CrossRef]

	



Kim, T.-W.; Kim, M.-N.; Kwon, J.-W.; Kim, K.-M.; Kim, S.-H.; Kim, W.; Park, H.-W.; Chang, Y.-S.; Cho, S.-H.; Min, K.-U.; et al. Risk of hepatitis B virus reactivation in patients with asthma or chronic obstructive pulmonary disease treated with corticosteroids. Respirology 2010, 15, 1092–1097. [Google Scholar] [CrossRef]

	



Tur-Kaspa, R.; Shaul, Y.; Moore, D.D.; Burk, R.D.; Okret, S.; Poellinger, L.; Shafritz, D.A. The glucocorticoid receptor recognizes a specific nucleotide sequence in hepatitis B virus DNA causing increased activity of the HBV enhancer. Virology 1988, 167, 630–633. [Google Scholar] [CrossRef] [PubMed]

	



Stuck, A.E.; Minder, C.E.; Frey, F.J. Risk of Infectious Complications in Patients Taking Glucocorticosteroids. Clin. Infect. Dis. 1989, 11, 954–963. [Google Scholar] [CrossRef] [PubMed]

	



Brattsand, R.; Selroos, O. May a different kinetic mode explain the high efficacy/safety profile of inhaled budesonide? Pulm. Pharmacol. Ther. 2022, 77, 102167. [Google Scholar] [CrossRef]

	



Maijers, I.; Kearns, N.; Harper, J.; Weatherall, M.; Beasley, R. Oral steroid-sparing effect of high-dose inhaled corticosteroids in asthma. Eur. Respir. J. 2020, 55, 1901147. [Google Scholar] [CrossRef]

	



Wu, Y.-F.; Yu, W.-J.; Jiang, Y.-H.; Chen, Y.; Zhang, B.; Zhen, R.-B.; Zhang, J.-T.; Wang, Y.-P.; Li, Q.; Xu, F.; et al. COVID-19 or treatment associated immunosuppression may trigger hepatitis B virus reactivation: A case report. World J. Clin. Cases 2021, 9, 5266–5269. [Google Scholar] [CrossRef] [PubMed]

	



Mager, D.E.; Lin, S.X.; Blum, R.A.; Lates, C.D.; Jusko, W.J. Dose Equivalency Evaluation of Major Corticosteroids: Pharmacokinetics and Cell Trafficking and Cortisol Dynamics. J. Clin. Pharmacol. 2003, 43, 1216–1227. [Google Scholar] [CrossRef]

	



Yip, T.C.-F.; Gill, M.; Wong, G.L.-H.; Liu, K. Management of hepatitis B virus reactivation due to treatment of COVID-19. Hepatol. Int. 2022, 16, 257–268. [Google Scholar] [CrossRef]

	



Aldhaleei, W.A.; Alnuaimi, A.; Bhagavathula, A.S. COVID-19 Induced Hepatitis B Virus Reactivation: A Novel Case From the United Arab Emirates. Cureus 2020, 12, e8645. [Google Scholar] [CrossRef]

	



Jiménez, M.L.; Garrido, M.L.; Cano, M.C.F. Letter to the editor: Reactivation of HBV triggered by SARS-CoV-2 in a patient with cirrhosis. Hepatology 2022, 75, 765–766. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. The trend over time of liver function tests (LFTs).






Table 1. The trend over time of liver function tests (LFTs).











	
	First Consultation (3 Weeks after COVID-19 Infection)
	Second Consultation (4 Weeks after COVID-19 Infection)
	Two Months after Entecavir, 0.5 mg





	AST (U/L)
	82
	71
	28



	ALT (U/L)
	106
	90
	30



	ALP (U/L)
	106
	80
	84



	γGT (U/L)
	16
	19
	20
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Table 2. The trend over time of HBV serologic markers, anti-HCV and anti-HDV.






Table 2. The trend over time of HBV serologic markers, anti-HCV and anti-HDV.











	
	Prior 6 Months from COVID-19 Infection
	Second Consultation (4 Weeks after COVID-19 Infection)
	Two Months after Entecavir, 0.5 mg





	HBsAg
	+
	+
	



	HBeAg
	−
	−
	



	Anti-HBc
	+
	+
	



	Anti-HBe
	+
	+
	



	Anti-HCV
	−
	−
	



	Anti-HDV
	−
	−
	



	HBV DNA (IU/mL)
	Non-Detectable
	9,350,000
	54,000



	IgG (mg/dL)
	
	1555
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