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Multiplex polymerase chain reaction test for
the diagnosis of acute viral hepatitis A
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Background/Aims: The early diagnosis of acute hepatitis A (AHA) is hindered because serum IgM against hepatitis A
virus (HAV) can yield false-negative results during the window period. This study evaluated the diagnostic accuracy of a
polymerase chain reaction (PCR) kit for HAV RNA for the diagnosis of AHA.

Methods: Samples were collected from 136 patients with acute severe hepatitis at their admission to Asan Medical
Center between June 2010 and July 2010. Samples were analyzed for serum IgM anti-HAV using an immunoassay test
and for qualitative HAV RNA using the Magicplex HepaTrio PCR test kit. The diagnostic accuracies of these methods were
tested on the basis of clinical and laboratory diagnoses of AHA.

Results: The concordance rate and kappa value between IgM anti-HAV and HAV RNA PCR were 88.2% and 0.707,
respectively. For the diagnosis of AHA, the sensitivity and specificity of IgM anti-HAV were 90.7% and 100%, respectively,
when an “equivocal” result was regarded as positive; and 79.1% and 100%, respectively, when an “equivocal” result was
regarded as negative. The sensitivity and specificity of HAV RNA PCR were 81.4% and 100%, respectively. All four patients
with negative IgM anti-HAV and positive HAV RNA PCR results and all four patients with equivocal IgM anti-HAV RNA and
positive HAV RNA PCR results were eventually diagnosed with AHA.

Conclusions: The qualitative HAV RNA PCR test has an equivalent diagnostic accuracy for AHA compared to IgM anti-

HAV and may be more sensitive during the window period. (Clin Mol Hepatol 2012;18:397-403)
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INTRODUCTION

Early etiologic diagnosis of acute hepatitis is urgent, especially
when the severe necroinflammation proceeds, because the etiol-
ogy is most important predictive factor of clinical course in acute
liver failure.' As a major cause of acute liver failure, infection by
hepatitis A virus (HAV) has a better prognosis than infection by

hepatitis B virus (HBV) or toxin.” In rapidly developing countries,
including Korea, the incidence of symptomatic HAV infection in
adults is increasing, due to the shifting seroprevalence of HAV
with improvement in socioeconomic conditions.

Since early epidemiologic studies characterised hepatitis A as an
infectious hepatitis that is transmitted via a faecal-to-oral route,
several diagnostic tests for HAV have been developed, including
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serologic and molecular approaches. Although immunoglobulin
M (IgM) anti-HAV is used as the primary marker of acute hepatitis
A (AHA) infection, the serologic test based on this marker is as-
sociated with a false-negative rate of 4-13% during the window
period.*> On the other hand, serum HAV ribonucleic acid (RNA)
is generally detected before IgM anti-HAV.® This finding suggests
that HAV RNA reverse transcriptase-polymerase chain reaction
(RT-PCR) may be more sensitive than serologic tests based on IgM
anti-HAV during the early phase of HAV infection, especially dur-
ing the window period before antibody to HAV can be detected.

The purpose of this study was to evaluate the diagnostic
accuracy of a polymerase chain reaction kit for HAV RNA for the
diagnosis of AHA infection.

PATIENTS AND METHODS
Study subjects

This prospective study enrolled consecutive patients who un-
derwent IgM anti-HAV and HAV RNA PCR sampling to evaluate
acute hepatitis at Asan Medical Center from June 1, 2010 to July
30, 2010. Of the 729 subjects who were sampled for IgM anti-
HAV, 136 patients showed an alanine aminotransferase (ALT) level
>300 IU/L during the disease period or peak ALT >100 IU/L in the
case suspecied acute HAV infection. These patients were selected
as severe acute hepatitis patients. When the initial anti-HAV was
negative, the subsequent IgM anti-HAV was performed at 3-7 day
after initial serologic test to detect the case of AHA in which initial
negative IgM anti-HAV was shown during window period. The
disease phase of all patients was assessed on the basis of their
medical records (Fig. 1).

AHA was defined when the peak ALT level of the disease period
was >300 IU/L, the first or subsequent serologic test provided a
positive IgM anti-HAV result, and other causes of acute hepatitis
could be excluded (e.q., HBV, hepatitis C virus [HCV], drug, toxin,
autoimmune hepatitis, and Wilson disease).

Overt phase of AHA was considered when the ALT level was
above the upper-normal range, the initial IgM anti-HAV result was
positive, and the duration from clinical onset to initial IgM anti-
HAV sampling was equal to or shorter than the duration from
clinical onset to peak ALT.

Recovery phase of AHA was considered when the initial IgM
anti-HAV result was positive, and the duration from clinical onset
to initial IgM anti-HAV sampling was longer than the duration
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Figure 1. Disease phase of AHA relative to the time of clinical onset,
the initial IgM anti-HAV, and peak serum alanine aminotranferase. A,
early phase. B, overt phase. C, recovery phase. D, relapse phase.

from clinical onset to peak ALT.

Relapse phase of AHA was considered when recent recovery
from AHA infection was confirmed, and the ALT level was >100
IU/L without other known cause.

Early phase of AHA was considered when the initial IgM anti-
HAV result was negative or equivocal, but positive on subsequent
serologic testing, and the duration from clinical onset to initial
sampling was equal to or shorter than the duration from clinical
onset to peak ALT.

This study was approved by the Institutional Review Board of
Asan Medical Center.

Serologic test

The IgM anti-HAV result was measured with a commercially
available chemiluminescent microparticle immunoassay (Abbott
Laboratories, Abbott Park, IL, USA) according to the manufac-
turer’s instructions. The results were expressed based on the S/
CO ratio: >1.2 was reported as positive, 0.8-1.2 as equivocal, and
<0.8 as negative.

Nucleic acid isolation

The serum at the time of sampling for initial IgM anti-HAV
was used to detect HAV RNA. As advised by the manufacturer,
nucleic acid was extracted from serum with the SEEPREP12 (Cat.
No. SPN1200) and SEEPREP12 Viral NA kits (Cat. No. SPN1004,
Seegene, Seoul, Korea). Briefly, 10 pL of proteinase K (20 mg/mL,
Sigma) were added to 240 pL of serum. After lysis, nucleic acid
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was bound to beads, washed and automatically eluted into 60 L
elution buffer. To prevent contamination, RNA extraction and am-
plification were performed in separate rooms.

RT-PCR reaction

The RT-PCR process was carried out with Magicplex HepaTrio
Amplification (Cat. No. HT8000X) and Magicplex HepaTrio Real-
time Detection kits (Cat. No. HT8301X, Seegene). This procedure
was developed as a qualitative test to detect HAV, HBV, and HCV
simultaneously.

For amplification, 36 pL of extracted nucleic acid were mixed
with PCR Master Mix (5 pL of 10x HepaTrio RM, 5 uL of 10x On-
estep RT-PCR buffer, and 4 pL of Onestep RT-PCR Enzyme Mix).
The first round of amplification was performed with a GeneAmp
PCR System 9700 (Applied Biosystems, Life Technologies, Carls-
bad, CA, USA) with the following protocol: 50°C for 20 min, 94°C
for 15 min, 10 cycles of (94°C for 0.5 min, 55°C for 1.5 min, and
72°C for 1.0 min), 35 cycles of (94°C for 30 sec, 55 °C for 30 sec,
and 72°C for 30 sec), and 72°C for 2 min. Then, 2 pL of the prod-
uct from the first round of PCR were used as the template for the
second round of PCR. The template was mixed with PCR Master
Mix (4 pL of 5x HepaTrio DOM, 4 plL of RNase-free water, and 10
L of 2x Detection mix). Finally, RT-PCR was performed with a
CFX96 RT-PCR System (Bio-Rad, Hercules, USA) at 95°C for 2 min
and 20 cycles of 95°C for 20 sec and 55°C for 40 sec. The HAV
RNA result was interpreted as positive when the Ct value was <20
and as negative when the Ct value was not available.
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Statistical analysis

Between-group comparisons were performed with independent
t-test for continuous variables and the chi-square test or Fisher's
exact test for categorised variables, as appropriate. For concor-
dance analysis between the IgM anti-HAV and HAV RNA RT-PCR,
the concordance rate and weighted overall kappa value were cal-
culated using 3x3 crosstable. Statistical analyses were performed
with SPSS, version 19.0 (SPSS, Chicago, IL, USA). Statistical
hypothesis tests with P<0.05 were considered significant.

RESULTS
Baseline characteristics

Among the total of 136 patients, 43 patients (31.6%) were
identified as having AHA (HAV group). Patients in the HAV group
were younger than those in the non-HAV group (33.2+8.30
years vs. 48.6+19.9 years; P<0.001). The ALT level at the time
of initial IgM anti-HAV sampling (2389+2201 IU/L vs. 667696
IU/L; P<0.001) and peak ALT level during the disease period
(31352255 IU/L vs. 963+790 IU/L); P<0.001) in the HAV group
were significantly higher than those in the non-HAV group
(Table 1).

Of the 38 patients with acute hepatitis A excluding 5 equivocal
results in initial IgM anti-HAV, 34 patients (89.5%) showed posi-
tive IgM anti-HAV in initial IgM anti-HAV test. All the parameters
were not statistically significant difference between initial positive

Table 1. Clinical and laboratory characteristics of severe acute hepatitis between HAV and non-HAV infection groups

Characteristics HAV group (n=43) Non-HAV group (n=93) Pvalue
Age (years) 33.248.30 48.6+£199 <0.001

Gender (M/F) 27/16 52/41 0450
Initial ALT (IU/L) 2,389+2,201 667+696 <0.001

Initial albumin (g/dL) 34+0.50 3.3+0.69 0490
Initial total bilirubin (mg/dL) 43£34 51+76 0406
Initial INR 1.43+0.64 1.50+1.78 0.800
Peak ALT (IU/L) 3,13542,255 893+790 <0.001

Peak total bilirubin (mg/dL) 73457 704101 0.833

Duration from clinical onset to initial IgM anti-HAV sampling (days)’ 9.3+114

Duration from clinical onset to peak ALT (days) 8.2493

Data are presanted as Mean=SD.
"One acute hepatitis A patient's data was not available.

ALT, alanine aminotransferase; HAV, hepatitis A virus; INR, international normalized ratio; RT-PCR, reverse transcriptase-polymerase chain reaction.
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Table 2. Clinical and laboratory characteristics of AHA between the initially positive and negative IgM anti-HAV groups

Positive IgM anti-HAV

Negative IgM anti-HAV

Characteristics group (n=34) group (n=4) Pvalue
Age (years)' 33.949.0 283413 0.221
Gender (M/F) 19/15 4/0 0.138
Initial ALT (IU/L)" 2561£2335 2202+2102 0.771
Initial albumin (g/dL)" 3.3£0.51 3.7+£0.34 0.255
Initial total bilirubin (mg/dL)" 49+35 2311 0.140
Initial INR” 149+0.71 1.27+£0.19 0.547
Peak ALT (IU/L)' 318142326 88641555 0.807
Peak total bilirubin (mg/dL)" 7946.0 6.5+3.6 0.644
Duration from clinical onset to initial IgM anti-HAY sampling (days)"* 10.6+12.5 40+14 0.309
Duration from clinical onset to peak ALT (days)™ 89+10.3 53+2.1 0489

"The five patients with initial equivocal IgM anti-HAV were excluded.
"Mean=SD.
*One positive IgM anti-HAV patient’s data was not available.

ALT, alanine aminotransferase; HAV, hepatitis A virus; INR, international normalized ratio; RT-PCR, reverse transcriptase-polymerase chain reaction.

Table 3. Concordance analysis between IgM anti-HAV and HAV RNA

Table 4. Diagnostic accuracy of lgM anti-HAV for viral AHA

HAV RNA (+) HAV RNA (-)

(A) “Equivocal” IgM anti-HAV result was regarded as positive

IgM anti-HAV (+) 27 7
Overt phase: 17 Overt phase: 1
Recovery phase: 9 Recovery phase: 5
No clinical data: 1 Relapse phase: 1
IgM anti-HAV () 4 93
Early phase: 4 No HAV infection: 93
IgM anti-HAV (+) 4 1

Early phase: 4 Relapse phase: 1

Concordance rate=88.2%, Kappa value=0.707.

and negative IgM anti-HAV group (Table 2).

When the patients with AHA were classified according to the
definition of disease phase, the number of the patient was 8 in
early phase, 18 in overt phase, 14 in recovery phase, and 2 in
relapse phase, respectively. One patient could not be allocated
because her clinical onset data was not available.

Diagnostic accuracies of IgM Anti-HAV and
HAV RNA for AHA

The concordance rate and kappa value between IgM anti-HAV
and HAV PCR were 88.2% and 0.707, respectively (Table 3).

If an “equivocal” result IgM anti-HAV was regarded as positive,
then the sensitivity and specificity of IgM anti-HAV were 90.7%
and 100%, respectively, and the positive predictive value (PPV)
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IgM anti-HAV (+)  IgM anti-HAV (-)
Acute viral hepatitis A (+) 39 4
Acute viral hepatitis A (-) 0 93

Sensitivity=90.7%, specificity=100%, positive predictive value=100%,
negative predictive value=95.9%.

(B) “Equivocal” IgM anti-HAV result was regarded as negative
IgM anti-HAV (+) IgM anti-HAV (-)

Acute viral hepatitis A (+) 34 9

Acute viral hepatitis A (-) 0 93

Sensitivity=79.1%, specificity=100%, positive predictive value=100%,
negative predictive value=91.1%.

Table 5. Diagnostic accuracy of HAV RNA for viral AHA

HAV RNA (+) HAV RNA (-)
Acute viral hepatitis A (+) 35 8
Acute viral hepatitis A (-) 0 93

Sensitivity=81.4%, specificity=100%, positive predictive value=100%,
negative predictive value=92.1%.

and negative predictive value (NPV) were 100% and 95.9%,
respectively. If an “equivocal” IgM anti-HAV result was regarded
as negative, then the sensitivity and specificity of IgM anti-HAV
were 79.1% and 100%, respectively, and the PPV and NPV were
100% and 91.1%, respectively (Table 4). The sensitivity and spe-
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cificity of HAV RNA were 81.4% and 100%, respectively, and the
PPV and NPV were 100% and 92.1%, respectively (Table 5). When
the inclusion criteria restricted as more severe acute hepatitis with
peak ALT >1,000 IU/L, The sensitivity and specificity of HAV RNA
were 80.0% and 100%, respectively, and the PPV and NPV were
100% and 83.3%, respectively.

Discordant sample analysis

All four patients with negative anti-HAV IgM and positive HAV
RNA results and all four patients with equivocal anti-HAV IgM
and positive HAV RNA results were identified as being in the early
phase of AHA. Of the seven patients with positive anti-HAV IgM
and negative HAV RNA results, four patients were in the recovery
phase, one patient was in the overt phase, one patient was in the
relapse phase of AHA and one patient was diagnosed with acute
calculous cholecystitis. One patient with equivocal anti-HAV IgM
and negative HAV RNA results was in the relapse phase of AHA.

Distribution of HAV IgM and HAV RNA according
to time from clinical onset to initial sampling

All eight of the negative or equivocal HAV IgM results and posi-
tive HAV RNA results in confirmed AHA cases were distributed
such that the initial sampling was performed within 6 days from
the clinical onset of symptoms. As the time from clinical onset
increased, the number of negative HAV RNA results increased
(Fig. 2).
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Figure 2. Distribution of HAV IgM and HAV RNA relative to time from
clinical onset to initial sampling among confirmed cases of AHA. @,
Positive IgM anti-HAV and positive HAV RNA; O, negative or equivocal
IgM anti-HAV and positive HAV RNA; @, positive or equivocal IgM anti-
HAV and negative HAV RNA. One patient with positive IgM anti-HAV
and positive HAV RNA was not described due to the nonavailability of
clinical data.
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DISCUSSION

Previous studies have defined severe acute hepatitis by an ALT
level >5-10 times the upper limit of the normal range.”” This term
is important because patients with severe acute hepatitis should
be carefully evaluated to identify whether the cause is treatable
and to determine whether the clinical course will proceed to acute
liver failure.

In this study, 30.9% of 136 patients with severe acute hepatitis
were confirmed as having HAV infection on the basis of serologic
testing. Patients in the HAV group were significantly younger
and had higher initial and peak ALT levels than those in the non-
HAV group. These results are relevant to the trend of increasing
incidence of AHA in Korean adults. Kim et al reported that the
age-specific seroprevalence of protective IgG anti-HAV dramati-
cally decreased among all age groups from 1982 to 2006. Conse-
quently, several outbreaks of HAV have occurred in Korean young
adults during the past two decades.? In countries (such as Korea)
where sanitation conditions have recently improved with increased
socioeconomic development, it is necessary to ascertain whether
HAV is the cause of severe acute hepatitis.

Initial negative IgM anti-HAV in acute onset of AHA means
that this is the early stage of clinical course. The study by Hyun et
al"® showed the interval from peak-ALT day to the first HAV-test
day was associated with the initial result of IgM anti-HAV. The
patients with negative initial IgM anti-HAV showed the negative
value of the interval from peak ALT to the first HAV test (mean=+SD,
-1.5+1.5 days).10 This trend also was shown in our data (mean=SD,
-1.3+1.3 days), and this suggests that IgM anti-HAV has limitation
to early diagnosis of AHA during window period.

In this study, the detection of HAV RNA through RT-PCR was
concordant with detection of IgM anti-HAV, with a good kappa
value (0.707). When an equivocal result of anti-HAV IgM was
regarded as negative, the sensitivity and specificity of HAV RNA
were similarly high between the serologic test and HAV RNA de-
tection by RT-PCR. Therefore, the molecular approach of HAV RNA
detection was comparable to the serologic test of anti-HAV IgM
HAV.

When we analysed the discordant sample cases between the
two tests, all eight patients with negative or equivocal anti-HAV
IgM and positive HAV RNA results were confirmed as having AHA
by subsequent serologic tests. Because HAV is a major etiologic
cause of severe acute hepatitis, IgM anti-HAV is usually included
in first-line laboratory examinations in such cases. However, sero-
logic tests with IgM anti-HAV may provide a false-negative result
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during the window period.

In a study of 195 children with IgM anti-HAV negative results
during an HAV outbreak in a public school and a child care center,
de Paula et al reported that a considerably high (12-13%) propor-
tion showed positive HAV RNA results.* Among 143 patients
confirmed as having acute hepatitis on the basis of IlgM anti-HAV
by commercially available solid-phase radioimmunoassays during
an outbreak, Liaw et al demonstrated that six patients (4.2%)
were initially negative when tested within three days after onset
of symptoms.” Bower et al found that HAV RNA was detected an
average of 14.4 days before IgM antibody in experimentally in-
fected chimpanzees, with similar data in humans.® These findings
show that serum HAV RNA is generally detected before IgM anti-
HAV, and they suggest that HAV RNA RT-PCR may be more sensi-
tive during the early phase of HAV infection, especially during the
window period before antibody to HAV is detected.

Bower et al reported that the duration of HAV viremia was 95
days (range, 36-391 days), and viremia persisted for an average 79
days (range, 18-383 days) after the liver enzyme peak.® Normann
et al reported a case in which 4x10* HAV genome equivalents per
mL were detected up to 490 days after the onset of jaundice.” By
contrast, in our study, six cases of confirmed AHA among seven
cases with negative HAV RNA and positive IgM anti-HAV results
showed negative HAV RNA results within 616 days after clinical
onset. Most of these patients (4 of 6) were categorised in the re-
covery phase of the disease. This discrepancy between the present
study and others may be due to inaccuracies of the reported time
of clinical onset of symptoms. Moreover, the cut-off level of quali-
tative HAV RNA RT-PCR in this study may be relatively high. Also,
this finding suggests that HAV RNA RT-PCR may be less sensitive
than IgM anti-HAV after the overt phase of the disease. Figure 2
demonstrates the trend of high sensitivity of HAV RNA RT-PCR in
the early phase and low sensitivity in the late phase among con-
firmed AHA patients. And, this result suggests that HAV RNA RT-
PCR is probably more useful in early diagnosis of AHA at least in
the patients of whom the duration from clinical onset to admission
is within 7 days.

This commercially available multiplex PCR method uses the
standardized kit, and performs the automated procedure from
nucleic acid extraction to RT-PCR process, can monitor real-time
results compared to conventional PCR method using agalose gel
to see the results. Therefore, this multiplex PCR method is likely
to produce the more rapid and reliable results than conventional
PCR method. Also, originally it is developed in order to detect
the nucleic acid of HAV, HBV, and HCV simultaneously. Thus, it is
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capable to diagnose the acute viral hepatitis in window and overt
period earlier than serologic test. And it also has advantage in the
early accurate diagnosis of overt viral hepatitis in immunosuppres-
sant patients who may not produce the serologic markers.

In summary, 30.9% of 136 patients with severe acute hepati-
tis were confirmed as having HAV infection, and the concordance
between IgM anti-HAV and HAV PCR was 88.2%. The sensitivity
and specificity of HAV RNA PCR were equivalent to those of IgM
anti-HAV for the diagnosis of AHA. Some cases (19%) of AHA
were diagnosed by HAV PCR before the appearance of IgM anti-
HAV. In the recovery or relapse phase of AHA, some cases showed
negative HAV RNA results. We conclude that the qualitative HAV
RNA PCR test has equivalent diagnostic accuracy for the diagnosis
of AHA as compared with IgM anti-HAV, and may be more sensi-
tive during the window period.
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