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Abstract

AIM: To identify the factors that differentiate acute hepatitis B (AHB) from chronic hepatitis B with acute exacerbation (CHB-AE).

METHODS: From 2004 to 2013, a total of 82 patients (male n = 52, 63.4%; female n = 30, 36.6%) with clinical features of acute hepatitis with immunoglobulin M antibodies to the hepatitis B core antigen (IgM anti-HBc) were retrospectively enrolled and divided into two groups; AHB (n = 53) and CHB-AE (n = 29). The AHB group was defined as patients without a history of hepatitis B virus (HBV) infection before the episode and with loss of hepatitis B surface antigen within 6 mo after onset of acute hepatitis. Biochemical and virological profiles and the sample/cutoff (S/CO) ratio of IgM anti-HBc were compared to determine the differential diagnostic factors.

RESULTS: The multivariate analysis demonstrated that, the S/CO ratio of IgM anti-HBc and HBV DNA levels were meaningful factors. The S/CO ratio of IgM anti-HBc was significantly higher in the AHB group, while the HBV DNA level was significantly higher in the CHB-AE group. The optimal cutoff values of IgM anti-HBc and HBV DNA levels for differentiating the two conditions were 8 S/CO ratio and 5.5 log10 IU/mL, respectively. The sensitivity and specificity were 96.2% and 89.7% for the S/CO ratio of IgM anti-HBc and 81.1% and 72.4% for HBV DNA levels, respectively. The area under receiver operating characteristic curves of both the S/CO ratio of IgM anti-HBc and HBV DNA levels were not significantly different (0.933 vs 0.844, P = 0.105). When combining IgM anti-HBc and HBV DNA, the diagnostic power significantly improved compared to HBV DNA alone (P = 0.0056). The combination of these factors yielded a sensitivity and specificity of 98.1% and 86.2%, respectively.

CONCLUSION: The combination of the S/CO ratio of IgM anti-HBc and HBV DNA levels was a useful tool for differentiating AHB from CHB-AE in patients with positive IgM anti-HBc.
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INTRODUCTION

Chronic Hepatitis B virus (CHB) infection has been an important global health problem. Cirrhosis related complications and/or hepatocellular carcinoma (HCC) are found in 25%-40% of the patients with CHB infection[1]. Thus antiviral therapy is indicated for patients with CHB with acute exacerbation (CHB-AE). When adults with an intact immune system become infected with hepatitis B virus (HBV), they usually recover without antiviral therapy[2], and the risk of developing a CHB infection after acute hepatitis B (AHB) is less than 5% in adults[3]. Nonetheless, AHB is worthy of our attention due to recent public health management, such as HBV outbreak[4]. Considering the different prognoses, treatment strategies, and prevention and public health management strategies for these conditions, correct diagnoses are extremely important. However, it is difficult due to the similar clinical features and serologic profiles[2,5]. Little is known about designing a simple assay to distinguish between these conditions.

Immunoglobulin M antibody to the hepatitis B core antigen (IgM anti-HBc) has been considered as a valuable diagnostic marker of AHB[6-8]. However, 20%-27.5% of CHB-AE patients have an IgM anti-HBc positive result with the fully automated, quantitative analysis method, and these patients could be misclassified as AHB[9]. For this reason, the cut-off index value of IgM anti-HBc was suggested to be set at a higher level for the differentiation of AHB and CHB-AE in Taiwanese patients[10]. Some authors suggested measuring IgM anti-HBc by semi-quantitative assays as a meaningful serological marker to monitor the disease activity of CHB and also to reflect the host’s active immune response[11-13].

In Korea, the prevalence of HBV infection is estimated to be 3.7%[14], it is not rare to encounter CHB-AE patients with positive IgM anti-HBc. This study determined the optimal sample/cutoff (S/CO) ratio of IgM anti-HBc by chemiluminescent immunoassay which is recently available semi-quantitative assay that can identify characteristics to discriminate AHB from IgM anti-HBc positive CHB-AE.

MATERIALS AND METHODS

Patients and study design

A total of 82 patients with positive result for IgM anti-HBc upon clinical presentation of acute hepatitis or AE in CHB were retrospectively analyzed at Hallym University Medical Center, Seoul, Korea, from December 2004 to December 2013. All patients were divided into two groups according to their clinical diagnosis, AHB and CHB-AE.

The AHB group was defined patients with the clinical signs or symptoms suggestive of acute hepatitis without a history of HBV infection prior to this episode and with the loss of hepatitis B surface antigen (HBsAg) within 6 mo after onset of acute hepatitis. AE was defined as serum elevation of alanine aminotransferase (ALT) levels more than 10 times the upper limit of normal. Identified CHB patients with AE and positive IgM anti-HBc were recruited as the control group. Patients with other viral infections (hepatitis A virus, hepatitis C virus, human immunodeficiency virus and hepatitis D virus) or other concomitant liver diseases (alcoholic liver disease and autoimmune liver disease) or a recent history of hepatotoxic drugs including herbal medications or HCC were excluded.

The biochemical and virological profiles were compared between the AHB and CHB-AE groups. Then, the parameters with the greatest differences were selected to assess the diagnostic power for differentiating between AHB and CHB-AE. This study was approved by the Investigation and Ethics Committee for Human Research at the Hallym University Medical Center, Seoul, Korea.

Serum assay methodology

Routine biochemical tests were performed using standard laboratory procedures. HBsAg, antibody to HBsAg (anti-HBs), hepatitis B e antigen (HBeAg), and antibody to HBeAg (anti-HBe) were measured using a microparticle enzyme immunoassay (Abbott Laboratories, North Chicago, IL, United States). Serum HBV DNA levels were measured by the VERANT 3.0 assay (Bayer Healthcare, Tarrytown, NY, United States; lower limit of detection 2000 copies/mL) or COBAS TaqMan PCR assay (Roche, Branchburg, NJ, United States; lower limit of detection 60 copies/mL). IgM anti-HBc was performed using the chemiluminescent immunoassay on the Abbott Architect (Abbot GmbH, Wiesbaden Delkenheim, Germany). There is a direct relationship between the amount of IgM anti-HBc in the sample and chemiluminescent reaction measured as relative light units. The presence or absence of IgM anti-HBc in the sample is determined by comparing the chemiluminescent signal in the reaction to the cutoff signal determined from a previous manufacturer’s IgM anti-HBc calibration. According to the product reference, positivity was defined by an S/CO ratio ≥ 1, and an S/CO ratio between 0.5 and 0.999 was categorized as a “gray zone”. In this study, all patients had an S/CO ratio for IgM anti-HBc ≥ 1.

Statistical analysis

The Mann-Whitney U-test for continuous variables and (2 test for categorical variables were used for the analyses as appropriate. HBV DNA levels were logarithmically transformed for analysis. Multiple logistic regression analysis was used to identify the independent factors that were significantly associated with AHB. Candidate variables with a P-value of less than 0.05 on a univariate analysis were entered into the regression analysis. A P-value of less than 0.05 was considered significant. The Youden’s index was calculated as an index of sensitivity and specificity. To determine the optimal cutoff value of the variables differentiating AHB from CHB-AE, the receiver operating characteristic (ROC) curves were plotted using all possible cutoff values. The area under ROC (AUROC) curves of identified factors were calculated and compared. The Mann-Whitney U-test, (2 test and multiple logistic regression analysis were performed with SPSS version 16 (IBM corporation, New York, United States). STATA version 11 (StataCorp, Texas, United States) was used to evaluate if the combination of identified factors could be better than either of these factors alone[15,16]. 

RESULTS

Comparison of clinical features between AHB and CHB-AE groups

A total 82 patients were enrolled and divided into two groups: AHB (n = 53, 64.6%) and CHB-AE (n = 29, 35.4%). The baseline characteristics of both groups are shown in Table 1. Compared to patients in the CHB-AE group, AHB patients had more severe necroinflammation of the liver, which was characterized by higher levels of serum bilirubin and ALT. The S/CO ratio of IgM anti-HBc were significantly higher in AHB group, while the HBV DNA level was significantly higher in the CHB-AE group. The HBeAg status was measured in 80 patients (51 patients in the AHB group; 29 patients in the CHB-AE group). Although the proportion of HBeAg positive patients was not significantly different between the two groups, the HBeAg titers, as reflected by the S/CO ratio, were significantly higher in the CHB-AE group than in the AHB group (415.7 ± 367.8 vs 49.2 ± 60.9, P = 0.001). The alpha fetoprotein (AFP) test was performed in only 54 patients (Thirty-two patients in the AHB group; 22 patients in the CHB-AE group). The CHB-AE group had higher AFP than the AHB group (133.5 ± 395.7 vs 6.7 ± 6.3, P < 0.001).

Independent predictor for differentiating between AHB and CHB-AE

A multivariate logistic regression analysis was performed to determine the independent predictors for the discrimination of AHB from CHB-AE using variables that were significant in the univariate analyses. With the multivariate analysis, high IgM anti-HBc titers and low serum HBV DNA levels were identified as independent prediction factors for AHB (Table 2).

Diagnostic values for IgM anti-HBc and HBV DNA for the differentiation of AHB from CHB-AE

To determine the optimal cutoff values for the differentiation of AHB from CHB-AE, ROC curves were plotted (Figure 1). Figure 1 shows that the AUROC of IgM anti-HBc and hepatitis B virus DNA levels for diagnosing AHB were 0.933 (95%CI: 0.869-0.998, P < 0.001) and 0.844 ( 95%CI: 0.757-0.931, P < 0.001), respectively. The best cutoff values for IgM anti-HBc and HBV DNA were 8 S/CO and 5.5 log10 IU/mL, respectively. The sensitivity and specificity at these cutoff values were 96.2% and 89.7% for IgM anti-HBc and 81.1% and 72.4% for HBV DNA, respectively. The AUROC curves of IgM anti-HBc and HBV DNA were not significantly different for differentiating AHB from CHB-AE (0.933 vs 0.844, P = 0.105). To determine if the combination of IgM anti-HBc S/CO ratio and HBV-DNA level was better than either of these markers alone, we created a new variable combining the IgM anti-HBc S/CO ratio and HBV-DNA level (0.2303*IgM anti-HBc - 1.0694*logHBV-DNA), which was made by a logistic regression using the "lroc" function in STATA[15]. The AUROC curve of the combination is shown in Figure 2. The AUROC curves of the combination and HBV-DNA were significantly different for the differentiation of AHB from CHB-AE (combination; 0.960 vs HBV DNA; 0.844, P = 0.0056). There was no significant difference between the combination and IgM anti-HBc (combination; 0.960 vs IgM anti-HBc; 0.933, P = 0.22). When combining the IgM anti-HBc and HBV DNA factors, there was a significant improvement in the diagnostic power compared to HBV DNA alone. The combination of these factors yielded a sensitivity and specificity of 98.11% and 86.2%, respectively.

Diagnostic performance of IgM anti HBc and HBV DNA for differentiating AHB from CHB-AE

Table 3 shows the sensitivity and specificity of IgM anti-HBc alone, HBV-DNA alone and the combination of both factors in differentiating AHB from CHB-AE at various cutoff values. The S/CO ratio of IgM anti-HBc ≥ 8 had better sensitivity, specificity, positive predictive value, and negative predictive values than the other values 7 and 9. Furthermore, the S/CO ratio of IgM anti-HBc ≥ 8 had a better diagnostic performance than HBV-DNA, regardless of the cutoff value chosen.

When the two factors were combined, the sensitivity and specificity increased from 81.1% and 72.4% for HBV-DNA alone to 98.1% and 86.2%, respectively, but when comparing IgM anti-HBc, only the sensitivity increased from 96.2% to 98.1%.

DISCUSSION

In Korea, it is not rare to encounter HBV infected patients with clinical and biochemical features resembling acute hepatitis. Historical information of chronicity or recent HBV exposure would facilitate the differential diagnosis between AHB and CHB-AE. However, this information is not always provided. Discriminating between the two conditions is difficult, especially in patients who are IgM anti-HBc positive.

In this study, an IgM anti-HBc ≥ 8 S/CO ratio and an HBV-DNA level < 5.5 log10 IU/mL aided the differentiation of AHB from CHB-AE in IgM anti-HBc positive patients. The sensitivity and specificity at these cutoff values were 96.2% and 89.7% for IgM anti-HBc, 81.1% and 72.4% for HBV DNA, respectively. These results are consistent with the data from previous studies comparing AHB and CHB-AE patients. AHB patients demonstrate a high titer of IgM anti-HBc and a low level of HBV DNA[17-19]. However, our study recruited only IgM anti-HBc positive CHB-AE patients as a control, unlike previous studies. This prevented the misclassification of the patient groups and enhanced the discrimination between the two groups. Furthermore, the AUROC curves of the combination of the S/CO ratio of IgM anti-HBc and HBV-DNA level was better than each factor alone, a significant difference was shown only with the AUROC curve of the combination and HBV-DNA level alone. In addition to these factors, Han et al[17] suggested that the S/CO ratio of HBeAg could be a diagnostic parameter for distinguishing AHB from CHB-AE. In the present study, similar results were observed between the two groups. Although the proportion of patients with positive HBeAg in the two groups were not significantly different (60.8% vs 75.9%), the HBeAg positive patients from the CHB-AE group had significantly higher S/CO HBeAg ratios than the AHB group (380.8 vs 34.2 S/CO, P = 0.001). A high S/CO IgM anti-HBc ratio, low HBV DNA level and HBeAg titer in the AHB group suggests a more robust immune response. This finding is underpinned by the previous data, the HBcAg effectively activates antigen presenting cells, leading to a strong proliferative T-cell response and triggering the humoral immune response for the production of IgM and IgG anti-HBc. Consequently, the cellular and humoral immune systems suppress HBV replications and clear HBsAg[20].

The level of AFP was higher in the CHB-AE group than the AHB group (24.9 ng/mL vs 5.0 ng/mL, P < 0.001). AFP, a tumor marker for HCC diagnosis and surveillance, can be elevated in a number of nonspecific conditions in patients with cirrhosis or hepatitis[21,22]. Increased serum AFP levels in patients with non-malignant liver disease was suggested to be associated with ongoing liver cell regeneration in response to liver injury[23,24]. Other possible mechanisms include viral derepression of the genome controlling AFP synthesis or an acute-phase reaction to liver injury[25]. However, these mechanisms cannot sufficiently explain why the AFP levels of the CHB-AE group are higher than the AHB group. In CHB-AE, the additive hepatic necrosis in pre-existent altered hepatocyte architecture, such as fibrosis, cirrhosis or liver cell dysplasia, may lead to more severe parenchymal damage leading to greater stimulation and regeneration than with AHB. Further study is necessary to answer this question.

In this study, we defined AHB using the clinical criteria and taking the patient’s history into account. It is very challenging to correctly classify AHB and the first presentation of CHB-AE patients in the clinical settings. Therefore, the classification of patients according to our strict criteria might be the best practical approach to determine chronicity. A small percentage of CHB patients may have been classified as AHB in our study. Considering the natural course of CHB, the possibility of HBsAg loss within 6 months after CHB-AE would be extremely rare and the differences in IgM anti-HBc titer and serum HBV DNA levels between the two groups would decrease if a subset of the CHB-AE patients had indeed been misallocated into the AHB group. Nevertheless, the IgM anti-HBc titers and serum HBV DNA levels remained significant factors for the differentiation of AHB from CHB-AE with a multivariate analysis. This suggests that IgM anti-HBc titers and serum HBV DNA levels are indeed discriminating factors between AHB and CHB-AE, although there is a limitation in the classification of chronicity based on the patient’s medical history.

This is the first study to differentiate between AHB and CHB-AE in a distinct group of subjects with positive IgM anti-HBc. There are some limitations. First, it was retrospectively designed, and some patients were misclassified as mentioned above. Second, the number of patients with CHB-AE (n = 29) was relatively small compared to the patients with AHB (n = 53). Finally, the IgM anti-HBc assay by Abbot Architect is actually a semi-quantitative method, but it is accommodated for the quantitation in this study, and it is unknown whether the formula for IgM anti-HBc S/CO by the Abbot Architect is useful with other commercial IgM anti-HBc kits. Nevertheless, the distinct difference of IgM anti-HBc titers between the two groups was similar to previous studies[10,19].

 In conclusion, the quantitative determination of IgM anti-HBc could be a useful, simple tool for differentiating AHB from CHB-AE in IgM anti-HBc positive patients. The combination of a serum IgM anti-HBc ≥ 8 S/CO ratio with an HBV-DNA level < 5.5 log10 IU/mL can effectively distinguish AHB from CHB-AE.
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Background

Distinguishing between acute hepatitis B (AHB) and chronic hepatitis B with acute exacerbation (CHB-AE) is extremely important because of the patients’ different prognoses and treatment strategies as well as different prevention and public health management strategies. 
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Immunoglobulin M antibody to hepatitis B core antigen (IgM anti-HBc) is a valuable diagnostic marker of AHB. However, 20%-27.5% of CHB-AE patients are IgM anti-HBc positive according to the fully automated, quantitative analysis method. Thus, these patients could be misclassified as AHB. In this study, the authors demonstrated that the combination of the IgM anti-HBc sample/cutoff (S/CO) value and hepatitis B virus (HBV) DNA level had a good sensitivity and specificity when distinguishing AHB and CHB-AE in patients positive for IgM anti-HBc.
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Recent reports comparing AHB and CHB-AE patients indicated that a high titer of IgM anti-HBc and a low level of HBV DNA were the characteristics of AHB patients. However, our study recruited only IgM anti-HBc positive CHB-AE patients as a control, unlike previous studies. Furthermore, the authors created formula to prove that the combination of IgM anti-HBc and HBV DNA levels is a better diagnostic parameter than either of them alone. 

Applications

By providing a cutoff value of IgM anti-HBc S/CO values and HBV DNA levels, this study may help physicians differentiate between AHB and CHB-AE in patients who are positive for IgM anti-HBc. 

Terminology

HBV infection is one of the causes responsible for acute or chronic hepatitis. Chronic hepatitis is inflammation of the liver that lasts more than six months. IgM anti-HBc is the first antibody observed in the serum of patients with AHB. Therefore, it has been considered to be a diagnostic marker. 
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The authors compared different cutoff values of the S/CO ratio of IgM anti-HBc and HBV-DNA, and concluded that the S/CO ratio of IgM anti-HBc ≥ 8 with an HBV-DNA level < 5.5 log10 IU/mL can discriminate AHB and CHB-AE. Although this manuscript presents a retrospectively study, the statistical analysis is good. 
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Figure 1  Receiver operating characteristic curves of sample/cutoff ratio of I immunoglobulin M antibodies to the hepatitis B core antigen and hepatitis B virus DNA levels. The area under receiver operating characteristic (AUROC) of IgM anti-HBc and hepatitis B virus DNA levels for diagnosing acute hepatitis B (AHB) were 0.933 (95%CI: 0.869-0.998, P < 0.001) and 0.844 (95%CI: 0.757-0.931, P < 0.001), respectively.
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Figure 2  Receiver operating characteristic curves comparing immuno​globulin M antibodies to the hepatitis B core antigen, hepatitis B virus DNA and a combination of immunoglobulin M antibodies to the hepatitis B core antigen and hepatitis B virus DNA in patients with acute hepatitis B vs those with chronic hepatitis B with acute exacerbation. The area under receiver operating characteristic (AUROC) curves for IgM anti-HBc, HBV-DNA and combination are indicated in the inset. P = 0.0056 for HBV DNA vs combination, P = 0.22 for combination vs immunoglobulin M antibodies to the hepatitis B core antigen (IgM anti-HBc).
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Table 3  Diagnostic performance of laboratory tests for acute hepatitis B


�
Sensitivity


�
Specificity


�
PPV


�
NPV


�
�
IgM anti-HBc (S/Co) 


�
�
�
�
�
   ≥ 7


�
98.1


�
82.8


�
91.2


�
96.0


�
�
   ≥ 8


�
96.2


�
89.7


�
94.4


�
92.9


�
�
   ≥ 9


�
94.3


�
86.2


�
92.6


�
89.3


�
�
HBV DNA (log10 IU/mL) 


�
�
�
�
�
   < 5


�
56.6


�
86.2


�
88.2


�
52.1


�
�
   < 5.5


�
81.1


�
72.4


�
84.3


�
67.7


�
�
   < 6


�
83.0


�
65.5


�
81.5


�
67.9


�
�
Combination1


�
98.1


�
86.2


�
92.7


�
92.6


�
�
1Combination obtained from variable 0.2303*IgM anti-HBc-1.0694*Log HBV-DNA. The values are expressed in percent. PPV: Positive predictive value; NPV: Negative predictive value; IgM anti-HBc: Immunoglobulin M antibody to hepatitis B core antigen; S/CO: Sample to the cutoff value; HBV: Hepatitis B virus.





Table 2  Multivariate analysis for predicting acute hepatitis B


Variables


�
RR


�
95%CI


�
P value


�
�
Age (yr)


�
0.957


�
0.895-1.023


�
   0.197


�
�
Platelet (× 103/L)


�
1.001


�
0.988-1.014


�
   0.934


�
�
Total bilirubin (mg/dL)


�
1.071


�
0.927-1.237


�
   0.350


�
�
ALT (IU/L)


�
1.001


�
1.000-1.001


�
   0.055


�
�
HBV DNA (log10 IU/mL)


�
0.323


�
0.135-0.773


�
   0.011


�
�
IgM anti-HBc titer (S/CO)


�
1.293


�
1.125-1.486


�
< 0.001


�
�
AHB: Acute hepatitis B; RR: Relative risk; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; IgM anti-HBc: Immunoglobulin M antibody to hepatitis B core antigen; S/CO: Sample/cutoff value.





Table 1  Comparison clinical features between acute hepatitis B and chronic hepatitis B with acute exacerbation


Variables


�
Total (n = 82)


�
AHB (n = 53)


�
CHB-AE (n = 29)


�
P value


�
�
Age (yr)1


�
  41.9 ± 12.7


�
  40.2 ± 13.4


�
  45.0 ± 11.0


�
   0.023


�
�
Sex (male, %)


�
52 (63.4%)


�
30 (56.6%)


�
22 (75.9%)


�
   0.098


�
�
WBC (× 103/L)1


�
  6.0 ± 1.9


�
  6.1 ± 2.1


�
  5.9 ± 1.6


�
   0.808


�
�
Hb (g/dL)1


�
14.0 ± 1.7


�
13.9 ± 1.8


�
14.2 ± 1.7


�
   0.782


�
�
Platelet (× 103/L)1


�
212.1 ± 84.3


�
232.8 ± 85.9


�
174.3 ± 67.4


�
   0.001


�
�
ALT (IU/L)1


�
  1864.2 ± 1397.2


�
  2273.2 ± 1373.1


�
  1116.8 ± 1118.3


�
< 0.001


�
�
Total bilirubin (mg/dL)1


�
  6.2 ± 5.6


�
  7.0 ± 4.6


�
  4.7 ± 7.0


�
< 0.001


�
�
Albumin (g/dL)1


�
  3.5 ± 0.5


�
  3.6 ± 0.5


�
  3.4 ± 0.5


�
   0.151


�
�
INR1


�
  1.4 ± 0.9


�
  1.5 ± 1.1


�
  1.3 ± 0.5


�
   0.861


�
�
HBeAg positivity (+, %)2


�
53 (64.6%)


�
31 (60.8%)


�
22 (75.9%)


�
   0.226


�
�
HBeAg titer (S/CO)1


�
  133.5 ± 261.5


�
  49.2 ± 60.9


�
  415.7 ± 367.8


�
   0.001


�
�
IgM anti-HBc titer (S/CO)1


�
  16.4 ± 10.7


�
22.3 ± 7.1


�
  6.0 ± 6.9 


�
< 0.001


�
�
HBV DNA (log10 IU/mL)1


�
  5.3 ± 1.8


�
  4.5 ± 1.6


�
  6.7 ± 1.4


�
< 0.001


�
�
1Mean ± SD; 2HBeAg was not checked in two patients of AHB group. AHB: Acute hepatitis B; CHB-AE: Chronic hepatitis B with acute exacerbation; WBC: White blood cell; Hb: Hemoglobin; ALT: Alanine aminotransferase; INR: International normalized ratio; HBeAg: hepatitis B e antigen; IgM anti-HBc: Immunoglobulin M antibody to hepatitis B core antigen; S/CO: Sample/cutoff value; HBV: Hepatitis B virus.








