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ABSTRACT

Although anti-hepatitis A virus (HAV) IgM non-reactive and anti-HAV total (immunoglobulin 
[Ig] M and IgG) reactive results are generally interpreted as immunity to HAV, some early 
acute hepatitis A patients show the same results. We compared IgM detection sensitivity 
between anti-HAV IgM and anti-HAV total assays. Acute hepatitis A patients’ samples were 
serially diluted and tested with Elecsys anti-HAV IgM and total assay (Roche Diagnostics). 
This resulted in anti-HAV IgM non-reactive but anti-HAV total reactive results. Samples of two 
hepatitis A patients showing false-negative anti-HAV IgM at initial presentation were analyzed 
with Elecsys, Atellica (Siemens Healthineers), and Alinity (Abbott Laboratories) HAV assays. 
Elecsys, Atellica, and Alinity anti-HAV IgM converted reactive on hospital day 3, whereas 
Elecsys and Atellica anti-HAV total results were reactive from hospital day 1. The anti-HAV 
total assay had higher sensitivity in detecting IgM antibodies than the anti-HAV IgM assay.
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It is estimated that 1.4 million hepatitis A virus (HAV) infection cases occur each year 
worldwide.1 HAV infection is generally self-limited but can also cause large epidemics caused 
by close personal contact or contaminated food or water, and less than 1–5% of HAV-infected 
adults develop fulminant hepatitis.2-6 Therefore, prompt diagnosis is important for infection 
control and patient isolation.

Clinical presentation of hepatitis A overlaps with many other gastrointestinal and febrile 
conditions.7 Therefore, it cannot be diagnosed solely based on clinical evidence, and the 
detection of serum anti-HAV immunoglobulin (Ig) M antibodies is needed.

Depending on the HAV serologic assay manufacturer, there is a difference in the type of 
immunoglobulin detected. Most assays detect IgM and total (IgM and IgG) antibodies, 
such as Elecsys (Roche Diagnostics, Mannheim, Germany), Atellica (Siemens Healthineers, 
Munich, Germany), DxI (Beckman Coulter, Brea, CA, USA), Vitros (Ortho Clinical 
Diagnostics, Pencoed, UK), and Liaison (DiaSorin, Saluggia, Italy). Alinity (Abbott 
Laboratories, Abbott Park, IL, USA) detects IgM and IgG antibodies separately.
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Although anti-HAV IgM antibodies can also be detected by anti-HAV total assay, reports on 
anti-HAV total results for acute hepatitis A patients are scarce. Recently, we encountered a 
patient who was anti-HAV IgM non-reactive but anti-HAV total reactive. Acute hepatitis A 
was suspected but the results obfuscated whether the patient was immunized to HAV or low 
concentration IgM was only detectable in anti-HAV total assay.

In this study, we compared IgM detection sensitivity between Elecsys anti-HAV IgM and 
Elecsys anti-HAV total assays. To our knowledge, this is the first study to compare anti-HAV 
IgM and total results in early acute hepatitis A patients.

We evaluated how low-concentration anti-HAV IgM antibodies affect anti-HAV IgM and total 
assays. Anti-HAV IgM reactive samples from three acute hepatitis A patients were diluted 
manually (1:10 through 1:5,120). Diluted samples were simultaneously tested with Elecsys 
anti-HAV IgM and total assays. This resulted in Elecsys anti-HAV total reactive but Elecsys 
anti-HAV IgM non-reactive results below certain IgM concentration (Table 1).

Initial anti-HAV IgM results of 1,351 patients from January to December 2021 were reviewed. 
According to the final diagnosis, assay results were classified into hepatitis A (n = 43) and 
non-hepatitis A (n = 1,308) (Fig. 1). In acute hepatitis A patients, Elecsys anti-HAV IgM 
sensitivity was 95.3% (41/43), whereas Elecsys anti-HAV total sensitivity was 100% (43/43). 
When we compared initial anti-HAV IgM and anti-HAV total results in 43 hepatitis A patients, 
the anti-HAV total was reactive regardless of anti-HAV IgM cut-off index (COI) (Table 2). In 
addition, Elecsys anti-HAV IgM specificity, false-positive rate, and false-negative rate were 
99.6% (1,303/1,308), 0.4% (5/1,308), and 4.7% (2/43), respectively.

The performance of the Elecsys anti-HAV IgM assay was analyzed by receiver operating 
characteristic (ROC) curve analysis. When Elecsys anti-HAV IgM COI of 0.55 was applied, the 
sensitivity and specificity were 100.0% and 98.4%, respectively (Table 3).

Two Elecsys anti-HAV IgM false-negative patients were further evaluated. Case 1 was a 36-year-
old man who presented for fever, chills, and dark urine with 3-day onset. He reported that he 
had raw fish a week ago, and did not receive hepatitis A vaccine. His alanine aminotransferase 
(ALT) level was 2,699 IU/L (normal < 40 IU/L), aspartate transaminase (AST) level was 2,244 
IU/L (normal < 40 IU/L), alkaline phosphatase (ALP) level was 123 IU/L (normal 40–129 IU/L), 
direct bilirubin level was 2.34 mg/dL (normal < 0.3 mg/dL), C-reactive protein (CRP) level 
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Table 1. Elecsys anti-HAV IgM and Elecsys anti-HAV total assay results performed on serially diluted hepatitis A patients’ samples
Dilution Sample 1 Sample 2 Sample 3

HAV IgM, COI HAV total, IU/L HAV IgM, COI HAV total, IU/L HAV IgM, COI HAV total, IU/L
1:10 R (12.1) R (> 60) R (13.7) R (> 60) R (17.7) R (> 60)
1:20 R (7.2) R (> 60) R (8.5) R (> 60) R (12.8) R (> 60)
1:40 R (4.6) R (> 60) R (4.6) R (> 60) R (7.8) R (> 60)
1:80 R (2.7) R (> 60) R (2.5) R (> 60) R (4.4) R (> 60)
1:160 R (1.5) R (> 60) R (1.4) R (> 60) R (2.6) R (> 60)
1:320 N (0.9) R (> 60) N (0.9) R (> 60) R (1.4) R (> 60)
1:640 N (0.6) R (59.6) N (0.6) R (58.7) N (0.9) R (> 60)
1:1,280 N (0.5) R (54.4) N (0.4) R (54.1) N (0.6) R (> 60)
1:2,560 N (0.4) R (44.4) N (0.4) R (46.2) N (0.5) R (57.2)
1:5,120 N (0.3) R (31.3) N (0.3) R (36.2) N (0.4) R (50.5)
Discrepant anti-HAV IgM and anti-HAV total results were presented as bold. Elecsys anti-HAV IgM results are interpreted as non-reactive (COI < 1.0) and reactive 
(COI ≥ 1.0). Elecsys anti-HAV total results are interpreted as non-reactive (< 18.0 IU/L), borderline (18.0 ≤ IU/L < 22.0), and reactive (≥ 22.0 IU/L).
HAV = hepatitis A virus, Ig = immunoglobulin, COI = cut-off index, N = non-reactive, R = reactive.
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was 6.86 mg/dL (normal < 0.5 mg/dL) on admission. Viral hepatitis was suspected as he had 
characteristic findings, such as elevated AST and ALT levels (> 1,000 IU/L), elevated serum 
bilirubin (< 10 mg/dL), and elevated ALP (up to 400 U/L).8,9 Hepatitis B virus (HBV) and 
hepatitis C virus (HCV) serologic markers were non-reactive with hospital day 1 sample. For 
HAV, Elecsys and Alinity assays were performed and anti-HAV IgM was non-reactive on hospital 
day 1 sample, whereas Elecsys anti-HAV total was reactive (Table 4). Elecsys and Alinity anti-
HAV IgM converted reactive on hospital day 3 and hospital day 4, respectively.

Case 2 was a 39-year-old man who presented for fever and abdominal pain starting a 
day ago. He reported that he did not receive hepatitis A vaccine. On admission, his WBC 
count was 3.35 109/L (normal 4.0–10.0 109/L), hemoglobin level was 8.2 g/dL (normal 
14.0–16.5 g/dL), ALT level was 276 IU/L, AST was 345 IU/L, ALP level was 73 IU/L, direct 
bilirubin level was 0.59 mg/dL, and CRP level was 7.68 mg/dL. Due to nonspecific findings 
(lower aminotransferase levels relative to general levels noted in viral hepatitis cases and 
bicytopenia), various diseases, including autoimmune hepatitis and toxic hepatitis, had to 
be ruled out. For HBV and HCV, only hepatitis B surface antibody was reactive. The hospital 
day 1 sample was tested with Elecsys, Atellica, and Alinity anti-HAV IgM, and resulted in 
non-reactive, equivocal, and non-reactive results, respectively, whereas Elecsys and Atellica 
anti-HAV total results were reactive (Table 4). On hospital day 3, Elecsys, Atellica, and Alinity 
anti-HAV IgM converted to reactive. Since Alinity IgG assay results were all non-reactive for 
both cases, reactive anti-HAV total assay results were assumed to be due to IgM antibodies.

To explore the possibility of an increase in the limit of detection (LoD) and possible false-
negative effect of the anti-HAV IgM assay, we performed limit of blank (LoB) and LoD 
analyses according to CLSI EP17-A2.10 Elecsys anti-HAV IgM assay was performed five days 
for five replicates using two negative samples and two low level anti-HAV IgM samples, 
respectively. Analysis was performed on Analyze-it (Analyse-it Software, Leeds, UK). LoB and 
LoD of anti-HAV IgM were 0.29 COI and 0.39 COI, respectively. Although the manufacturer 
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Initial Elecsys anti-HAV IgM assay performed
from January to December 2021

(N = 1,351)

Elecsys anti-HAV IgM reactive
(n = 46)

Hepatitis A
(n = 41)

Non-hepatitis A
(n = 1,303)

Elecsys anti-HAV IgM
False-positive

(n = 5)

Final diagnosis
hepatitis A

(n = 43)

Final diagnosis
non-hepatitis A

(n = 1,308)

Elecsys anti-HAV IgM
False-negative

(n = 2)

Alinity and Atellica
serologic assay performed

(n = 2)

Elecsys anti-HAV IgM non-reactive
(n = 1,305)

Fig. 1. Patient and data selection flowchart. Elecsys anti-HAV IgM results were classified according to the final diagnosis. 
HAV = hepatitis A virus, Ig = immunoglobulin.
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Table 2. Comparison of anti-HAV IgM and anti-HAV total in hepatitis A patients at initial visit to the hospital
Case No. Anti-HAV IgM, COI Anti-HAV total, IU/L
1 N (0.6) R (> 50)
2 N (0.7) R (> 50)
3 R (3.2) R (> 50)
4 R (3.9) R (> 50)
5 R (6.6) R (> 50)
6 R (6.8) R (> 50)
7 R (7.1) R (> 50)
8 R (7.9) R (> 50)
9 R (8.1) R (> 50)
10 R (8.2) R (> 50)
11 R (8.8) R (> 50)
12 R (9.0) R (> 50)
13 R (9.1) R (> 50)
14 R (9.3) R (> 50)
15 R (10.2) R (> 50)
16 R (10.5) R (> 50)
17 R (11.1) R (> 50)
18 R (11.2) R (> 50)
19 R (11.3) R (> 50)
20 R (11.5) R (> 50)
21 R (11.6) R (> 50)
22 R (11.8) R (> 50)
23 R (12.4) R (> 50)
24 R (12.4) R (> 50)
25 R (13.2) R (> 50)
26 R (13.2) R (> 50)
27 R (13.2) R (> 50)
28 R (13.3) R (> 50)
29 R (13.6) R (> 50)
30 R (13.6) R (> 50)
31 R (13.7) R (> 50)
32 R (13.8) R (> 50)
33 R (13.8) R (> 50)
34 R (14) R (> 50)
35 R (14.1) R (> 50)
36 R (15) R (> 50)
37 R (15) R (> 50)
38 R (16.6) R (> 50)
39 R (17.2) R (> 50)
40 R (18.1) R (> 50)
41 R (18.4) R (> 50)
42 R (18.5) R (> 50)
43 R (18.5) R (> 50)
HAV = hepatitis A virus, Ig = immunoglobulin, COI = cut-off index, N = non-reactive, R = reactive.

Table 3. Sensitivity and specificity of the Elecsys anti-HAV IgM assay according to the COI
Anti-HAV IgM, COI Sensitivity, % Specificity, %
0.25 100 45.9
0.35 100 94.9
0.45 100 97.3
0.55 100 98.4
0.65 97.7 98.9
1.05 95.3 99.6
3.55 93.0 100
HAV = hepatitis A virus, Ig = immunoglobulin, COI = cut-off index.
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does not provide LoB and LoD specificity for the Cobas e801 analyzer, it was judged to be 
satisfactory when compared with existing data.11

In this study, we tried to elucidate the difference in the sensitivity of Elecsys anti-HAV IgM 
and anti-HAV total assays. Serial dilution of anti-HAV IgM reactive samples revealed Elecsys 
anti-HAV IgM non-reactive and Elecsys anti-HAV total reactive results below certain IgM 
concentration. The difference in sensitivity between Elecsys anti-HAV IgM and total assay 
could be identified.

There were two (4.7%, 2/43) acute HAV patients with false-negative Elecsys anti-HAV IgM 
at initial presentation. This result corresponds to previous reports wherein 6–10% of acute 
HAV patients show non-reactive anti-HAV IgM at initial presentation.12-14 Elecsys anti-HAV 
total results of these two patients were all reactive. Two acute hepatitis A patients’ Elecsys, 
Atellica, and Alinity anti-HAV IgM results converted reactive on hospital day 3, and these 
assays seem to have similar sensitivity. Anti-HAV total assay had better sensitivity than anti-
HAV IgM assay in both Elecsys and Atellica.

The difference between anti-HAV IgM and total assay sensitivity may be due to the assay 
principle. For Elecsys and Atellica anti-HAV IgM assays, IgM-capture assay is performed using 
a diluted sample (1:400 for Elecsys and 1:100 for Atellica) to detect IgM antibodies. Currently, 
standardized anti-HAV IgM assays use IgM antibody capture system and detect antibodies by 
enzyme-linked chemiluminescence or another nonradioactive method. Due to the sample 
dilution step of the assay, dilution of circulating antibodies is inevitable, which could result 
in non-reactive results in the early phase of the disease.15 For the anti-HAV total assay, Elecsys 
and Atellica use competitive immunoassay to detect both IgG and IgM. The competitive 
method has the advantage that it can measure at least the amount of analyte to be measured.

Generally anti-HAV IgM non-reactive and anti-HAV total reactive results were interpreted as 
immunity to HAV. In this study, the difference in sensitivity resulted in reactive anti-HAV total 
but non-reactive anti-HAV IgM assay results in early acute hepatitis A patients, which can 
lead to a misdiagnosis, unnecessary testing, and delay in isolation of the patient. Clinicians 
should be aware that non-reactive anti-HAV IgM and reactive anti-HAV total results not only 
indicate protective immunity to HAV but may also appear in the early acute phase of HAV 
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Table 4. Serial assay results in initial anti-HAV IgM non-reactive and anti-HAV total reactive hepatitis A cases
Case Serologic assay Hospital day

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Case 1 Elecsys anti-HAV IgM, COI N (0.6) - R (8.1) R (17.1) R (13.3) -

Elecsys anti-HAV total, IU/L R (> 50) - R (> 50) R (> 50) R (> 50) -
Alinity anti-HAV IgM, S/CO N (0.62) - Not tested R (11.16) Not tested -
Alinity anti-HAV IgG, S/CO N (0.23) - Not tested N (0.38) Not tested -

Case 2 Elecsys anti-HAV IgM, COI N (0.7) N (0.9) R (9.4) - - R (12.9)
Elecsys anti-HAV total, IU/L R (> 50) R (> 50) R (> 50) - - R (> 50)
Atellica anti-HAV IgM, S/CO E (0.89) E (1.06) R (> 7.00) - - R (> 7.00)
Atellica anti-HAV total, IU/L R (38.90) R (48.70) R (> 100.0) - - R (> 100.0)
Alinity anti-HAV IgM, S/CO N (0.63) N (0.78) R (7.69) - - R (20.35)
Alinity anti-HAV IgG, S/CO N (0.23) N (0.28) N (0.35) - - N (0.79)

Elecsys anti-HAV IgM results are interpreted as non-reactive (COI < 1.0) and reactive (COI ≥ 1.0). Elecsys anti-HAV total results are interpreted as non-reactive 
(< 18.0 IU/L), borderline (18.0 ≤ IU/L < 22.0), and reactive (≥ 22.0 IU/L). Alinity anti-HAV IgM results are interpreted as non-reactive (S/CO < 0.80), equivocal 
(0.80 ≤ S/CO < 1.20), and reactive (S/CO > 1.2). Alinity anti-HAV IgG results are interpreted non-reactive (S/CO < 1.0) and reactive (S/CO ≥ 1.0). Atellica anti-HAV 
IgM results are interpreted non-reactive (S/CO < 0.80), equivocal (0.80 ≤ S/CO < 1.20), and reactive (S/CO > 1.2). Atellica anti-HAV total results are interpreted 
as non-reactive (< 20 IU/L) and reactive (≥ 20 IU/L).
HAV = hepatitis A virus, Ig = immunoglobulin, COI = cut-off index, N = non-reactive, R = reactive.
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infection. When Elecsys anti-HAV IgM COI of 0.55 could be applied in hepatitis A suspected 
cases, and the sensitivity could be increased to 100%. In addition, a follow-up anti-HAV IgM 
assay could be helpful since the initial non-reactive anti-HAV IgM result converted reactive 
after a few days. A previous study suggested that non-reactive initial anti-HAV IgM results 
converted to reactive at least two days after the peak ALT day.12 Although molecular assay can 
detect viral RNA 14 days before IgM antibody, it is not routinely performed for diagnosis.16,17

The limitation of this study is that only a small number of hepatitis A patients were enrolled. 
However, it is meaningful in that there have been no such reports before.

In conclusion, Elecsys anti-HAV IgM has lower sensitivity than the Elecsys anti-HAV total 
assay. Low levels of IgM antibodies in early acute hepatitis A patients can show non-reactive 
anti-HAV IgM and reactive anti-HAV total results. In hepatitis A suspected cases, a lower 
cutoff of Elecsys anti-HAV IgM COI 0.55 may increase diagnostic sensitivity, and a follow-up 
anti-HAV IgM assay would be helpful.
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