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Abstract
BACKGROUND
Hepatitis B virus (HBV) is a hepatotropic virus that can cause acute and chronic liver damage. According to the world health organization 257 million people are living with chronic HBV infection worldwide. Super-infection with other hepadnaviruses, including hepatitis A virus (HAV), hepatitis C virus, hepatitis D virus, and hepatitis E virus is associated with increased risk of acute liver failure in patients with chronic HBV. 

CASE SUMMARY
Here, we report a case of a 47-year old male patient with HBV-related compensated Child A cirrhosis, who presented with general fatigue, malaise and laboratory signs of acute hepatitis. Although the patient was regularly seen at a specialized university liver unit, the HAV vaccination status was unclear. Acute HAV super-infection was diagnosed by positive serological and polymerase chain reaction analysis. Following acute HAV super-infection, spontaneous HBsAg elimination and development of an anti-HBs titer were observed.

CONCLUSION
This case shows the importance of carefully checking the vaccination status. In our patient, unspecific immunological responses to HAV led to functional cure of HBV. 
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Core tip: In patients with chronic hepatitis B virus (HBV) infection, super-infection with other hepatotropic viruses can lead severe liver diseases with acute on chronic liver failure, underlying the need to check for a complete hepatitis A virus (HAV) vaccination status. Here, we present an unvaccinated patient with HBV related liver cirrhosis who experienced an acute HAV super-infection. HAV infection was spontaneously cleared without signs of acute liver failure. Furthermore, most likely to an unspecific immunological response functional cure of HBV was observed (seroconversion of HBsAg to anti-HBs). 


INTRODUCTION
HBV infection and its consequences are a major global health problem. Approximately 4.7 million new cases of chronic hepatitis B infection were reported in 2015[1]. Chronic hepatitis B virus (HBV) infection kills more than 1 million persons each year by causing cirrhosis, hepatocellular cancer, or both. This accounts for as many global deaths as those due to human immunodeficiency virus (HIV) infection, tuberculosis, or malaria[2]. 
Super-infection with other hepatotropic viruses, including hepatitis A virus (HAV), hepatitis C virus (HCV), hepatitis D virus (HDV), and hepatitis E virus (HEV) can lead more severe disease course and has a higher risk of acute liver failure in patients with chronic HBV infection, especially in cirrhotic patients[3-5]. Vaccination is aimed at preventing HAV super-infection in patients with chronic liver diseases[6]. 
In patients with chronic HBV infection, the most desirable endpoint and a proposed definition of functional cure is clearance of hepatitis B surface antigen (HBsAg) from serum, so called occult HBV according to the EASL HBV guideline[7].
Treatment-related HBsAg loss and seroconversion to anti-HBs rarely occurs and more often after interferon treatment than in patients treated with nucleotide analogue (NA) treatment[8,9]. Here, we report a unique case of functional cure after super-infection with HAV in a patient with HBV-related liver cirrhosis in whom HAV-vaccination was missed. 

CASE PRESENTATION
Chief complaints
In November 2018, a 47-year old Caucasian male patient consulted his family physician due to complaints of an acute gastro-intestinal infection. Symptoms included nausea, vomiting and abdominal cramps for the past two days. The patient was sent home with no specific treatment. Four days later, the patient’s condition worsened and he presented with a mild scleral icterus. 

History of past illness
The patient was known to be HBsAg and HBeAg positive since 2015 (Table 1). Based on transient elastography measurements (Fibroscan® 47 kPa), compatible ultrasound findings and laboratory results, he was diagnosed with compensated liver cirrhosis (Child-Turcotte-Pugh A). After the initial diagnosis in 2015, the patient was treated with tenofovir disoproxil fumarate (TDF) (245 mg once daily) with good treatment adherence and response. Under NA treatment, HBeAg seroconversion occurred after two years and HBsAg continuously decreased (Table 1). 
The patient was tested negative for hepatitis C, D and/or HIV-1/2 co-infection. Further vaccination including HAV status of the patient was unclear. Erroneously, serological testing for hepatitis A virus was neither performed nor documented. 

Personal and family history
Apart from HBV related liver cirrhosis the patient had no notable personal or family history.

Physical examination upon admission
On admission, the patient presented slightly jaundiced, he was alert and fully oriented although he reported to be fatigued. He did not have any associated rash, fever or night sweats. He denied alcohol consumption, intravenous drug abuse or unprotected sexual intercourse.

Laboratory examinations
Initially, laboratory findings were all within the normal range (hemoglobin: 15.1 g/dL; leucocytes: 3.9 Mrd/L; aspartate aminotransferase: 38 U/L; alanine aminotransferase: 48 U/L; glutamyl transpeptidase: 41 U/L). 
At time of admission, liver enzymes were dramatically elevated indicating an acute hepatitis (aspartate aminotransferase: 3542 U/L; alanine aminotransferase: 4857 U/L; glutamyl transpeptidase: 231 U/L; bilirubin: 5 mg/dL, albumin: 33.6 g/L; thrombocytes: 226 Mrd/L). 

Imaging examinations
Liver ultrasound demonstrated no indication for mass or vascular problem as cause for the ALT elevation. 

Further diagnostic work-up
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Serological testing indicated an acute infection with HAV (HAV IgM QL positive, HAV IgG/IgM QL positive, HAV IgM > 7.00). Polymerase chain reaction for HAV detected viral particles in blood and stool samples (CT 29). 
Tests for HCV, HDV and HEV were consistently negative. There was no evidence of acute exacerbation of his chronic HBV infection (Table 1). Without any specific treatment, liver enzymes promptly decreased and normalized within thirty days after infection. Hepatic function and synthesis was not impaired. The patient was discharged in improved clinical condition two days after admission.
Six months after HAV super-infection the patient presented for a follow-up visit at our outpatient clinic for viral hepatitis. A spontaneous HBs-Ag elimination occurred and a strong anti-HBs titer of 159.21 IU/mL was measured. Treatment with TDF was continued for three more months.

FINAL DIAGNOSIS
Acute HAV super-infection in a patient with HBV-related liver cirrhosis. 

TREATMENT
No specific treatment was initiated. 

OUTCOME AND FOLLOW-UP 
HAV super-infection was cleared spontaneously. Furthermore, unspecific immunological responses to acute HAV super-infection led to functional cure of chronic HBV infection. 





DISCUSSION
Patients with chronic liver diseases have a considerably higher morbidity and mortality from superimposed hepatitis, such as acute HAV infection[10]. The Centers for Disease Control and Prevention published recommendations concerning HAV vaccination for disease prevention in patients with chronic liver diseases[6]. Here, we report about a patient with HBV-related liver cirrhosis who was diagnosed with HAV super-infection. Despite regular follow-up visits at our specialized outpatient clinic for viral hepatitis, his vaccination history was not documented. The patient did not develop acute on chronic liver failure following HAV-super-infection and liver enzymes normalized promptly. 
Our case emphasizes the responsibility of physicians to regularly screen and up-date the immunization status of their patients. Vaccinations must be renewed appropriately, specifically in immunocompromised patients.
The optimal end point of HBV treatment that is aimed for, is the loss of HBsAg and anti-HBs seroconversion. Unfortunately, these goals are rarely achieved with current drug therapeutical options. Many additional criteria influence the chance for HBsAg seroconversion such as host genetic, immunological, and viral factors, e.g. spontaneous mutations in cirrhosis patients. However, the mechanism of functional cure, and especially the underlying immune mechanisms, remain ill-understood[11]. 
HBsAg elimination due to acute super-infection with other hepatotropic viruses has only rarely described in the literature. To the opposite, the majority of cases with HDV super-infection result in severe and progressive liver disease. Only a small number of patients are reported to clear HBsAg with permanent clearance of HBV and HDV infection[12,13]. To our knowledge, HBsAg clearance following acute HCV super-infection has only been described in one single case so far[14]. 
In our patient, treatment with TDF was started in 2015 and showed a good treatment response. HBe-Ag seroconversion was observed within two years, HBV viral load and HBsAg gradually decreased. Six months after HAV super-infection HBs-Ag clearance was detectable and the patient developed a robust anti-HBs titer (Table 1). 
In HBeAg positive patients, HBsAg clearance and thus functional cure is described to only occur in about 1% of cases during antiviral treatment[15]. Even though treatment-associated functional cure of HBV infection cannot be excluded in the present case, we postulate that HAV-associated hepatitis induced a nonspecific immunological response[11]. For example, in case of acute hepatitis high amounts of Interferon-γ and tumor necrosis factor-α lead to lysis of infected hepatocytes. Interferon-γ and tumor necrosis factor-α are also known to suppress HBV replication and may facilitated HBsAg clearance and generation of a robust anti-HBs titer in this case[16,17]. 

CONCLUSION
In conclusion, the case reported here demonstrates that acute HAV super-infection may trigger sustained clearance of HBs-Ag in patients with chronic HBV infection. However, the case also underlines the critical importance of regular reviews of the vaccination status of our patients. Immunizations must be completed and renewed thoroughly, when available.
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Informed consent statement: In the presented case blood tests led to our diagnosis. No invasive diagnostic procedures were performed; accordingly no informed consent was required.
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Table 1  Clinical course of chronic hepatitis B virus infection
	[bookmark: OLE_LINK1]
	September 2015
	May 2016
	June 2017
	November 2018
	June 2019
	September 2019

	
	Start of NUC-therapy
	
	
	Acute HAV-superinfection
	Clearance of HBs antigen
	Clearance of HBs antigen

	HBs-antigen QL
	Positive
	Low
	Low
	Low
	Negative
	Negative

	HBs antigen (IU/mL)
	1 986.0
	1 956.0
	64.12
	0.04
	0.00
	0.00

	anti-HBs QL
	Negative
	Negative
	Negative
	Negative
	Positive
	Positive

	anti-HBs (IU/mL)
	Negative
	Negative
	Negative
	Negative
	159.21
	380.29

	[bookmark: OLE_LINK19][bookmark: OLE_LINK20]anti-HBc IgM QL
	Positive
	Negative
	Negative
	Negative
	Negative
	Negative

	HBe-antigen QL
	Positive
	Positive
	Negative
	Negative
	Negative
	Negative

	anti-HBe
	4371.0
	2.94
	1.37
	Negative
	Negative
	Negative

	HBV-PCR QL
	Positive
	Low
	Low
	Positive
	Negative
	Negative

	HBV-PCR (IU/mL)
	380000
	20
	150
	< 10
	BDL
	BDL

	GOT (U/L)
	78
	25
	19
	1334
	14
	13

	GPT (U/L)
	148
	40
	25
	3387
	20
	20


[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Glutamic oxalacetic transaminase and glutamate pyruvate transaminase (Reference: 10-50 U/L). BDL: Below detection limit; HAV: Hepatitis A virus; GOT: Glutamic oxalacetic transaminase; GPT: Glutamate pyruvate transaminase; HBs: Hepatitis B surface; HBV: Hepatitis B virus; IgM: Immunoglobulin M; PCR: Polymerase chain reaction.

