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Background: Hepatitis E virus (HEV) infection is an increasingly recognized cause of acute and chronic hepatitis
in high-income countries and is the most frequent cause of acute viral hepatitis in many European countries.
Appropriate tools to detect and quantify HEV RNA are needed. This study aimed to evaluate the performance of
the Roche cobas® HEV assay and compare it with the Fast Track Diagnostics (FTD) Hepatitis E RNA assay.
Methods: HEV viral load determination and lower limit of detection (LOD, deﬁned as the lowest amount of viral
copies that could be detected in 95 % of repeats) were assessed using a WHO standard dilution panel, testing 240
samples of various concentrations. Reproducibility was tested at three diﬀerent concentration levels, for different genotypes, and with diﬀerent sample types (serum, plasma) in 30 samples. Sample stability was analyzed
after three freeze/thaw cycles in 25 samples.
Results: Cobas HEV assay showed a strong linear relationship between log of HEV WHO dilution series and Ct
values over the reportable range from 200–5000 IU/mL HEV RNA copies. The ampliﬁcation eﬃciency was
higher than 92 %. LOD was 22 IU/mL (95 % CI: 17.4–31.8) and reproducibility tests showed a 100 % nucleic
acid test (NAT) reactivity of cobas HEV for WHO dilution series (range 200–5000 IU/mL, n = 90). Cobas HEV
assay detected all diﬀerent HEV genotypes from biobank samples irrespective of the sample type. NAT reactivity
of cobas HEV was not aﬀected by three freeze/thaw cycles.
Conclusions: Roche cobas HEV assay is a powerful NAT tool in terms of robustness, reproducibility and linearity.
It is a feasible alternative for high-volume testing.

1. Introduction

world and are mainly associated with poor hygienic conditions [1,2].
The morbidity and mortality caused by HEV infection has been
underestimated in the past. Recent data demonstrate that HEV infection
is the most common cause of acute viral hepatitis in many countries,
including Germany [3,4]. The infection may be asymptomatic, cause
acute hepatitis without further complications or even trigger an acute
liver failure especially in patients with underlying liver injury [5].
Furthermore, HEV infection can take chronic courses in immunosuppressed patients, which, remaining untreated, could lead to
liver cirrhosis [6–8]. Thus, appropriate and reliable tools to diagnose
HEV infection are therefore of major importance.
The development of targeted diagnostic tools with high sensitivity

Hepatitis E Virus (HEV) is a small RNA hepatotropic virus with a 7.2
kb long genome. In the past, HEV infection was thought to be an endemic disease, aﬀecting mostly developing countries. Nowadays it is
becoming widely recognized that HEV infections are also frequent in
developed countries. The geographic distribution of HEV genotypes and
routes of transmission diﬀer in developing and developed countries.
HEV is a zoonosis in the developed world, with infected pigs being the
main reservoir, and the HEV genotypes 3 and 4 are highly prevalent. On
the contrary, genotypes 1 and 2 are strongly associated with waterborne, epidemic HEV outbreaks in subtropical regions of the developing
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The sample stability was analyzed after three freeze/thaw cycles for
25 samples. The HEV viral load was estimated before the procedure
(T0), as well as after three freeze/thaw cycles (T3).

and speciﬁcity is highly relevant from a clinical point of view. The most
widely used diagnostic testing at present is HEV serology (anti-HEV IgM
and IgG antibodies). However, HEV serology is not always reliable:
antibodies may be inconsistently detectable or even completely undetectable, complicating HEV diagnosis and delaying an appropriate
medical intervention [9].
Under these circumstances developing a molecular method beyond
serology is a matter of great importance not only because of potential
higher sensitivity and speciﬁcity but also because of the capability of
accurate viral load quantiﬁcation [10,11]. Molecular diagnostic assays
till now have shown varying results for the detection and the quantiﬁcation of the HEV RNA [12,13]. Most polymerase chain reaction
(PCR) assays target a conserved region of the HEV genome. Possibly
due to HEV genetic heterogeneity, there is variability in the sensitivity
of diﬀerent assays, as well as lack of standardization. Currently there
are few commercially available real-time PCR assays showing high
sensitivity and speciﬁcity such as the RealStar HEV RT-PCR or AmpliCube HEV 2.0 assay [14].
Previous studies have evaluated the performance of the cobas HEV
assay for HEV screening in blood donors and demonstrated that the
assay has high sensitivity [15]. The cobas HEV assay has been used in
the past primarily for the detection of HEV infection in a qualitative
manner but not for quantitative viral load estimation [16,17]. The aim
of our study was to evaluate the performance of the Roche cobas® HEV
assay in a qualitative and quantitative way and compare it to the performance of another quantitative assay, the FTD Hepatitis E RNA assay.

e) Viral load monitoring in patients under treatment
Viral load was determined over time in four patients with HEV infection undergoing antiviral treatment with ribavirin according to
current recommendations. The viral load was evaluated using the cobas
HEV assay as well as the FTD assay. It was measured before start of
treatment (T1) and on three following time points (T2, T3, T4).
f) Statistical analysis
SAS software (Cary, NC, USA) was used for all statistical analyses.
Linear regression was used to describe the relationship between cycle
threshold values from the cobas HEV assay and nominal HEV concentration from the WHO standard dilution panel. PCR eﬃciency was
calculated as 10^-(1/-slope) -1 [18]. The LOD of the cobas HEV assay
was veriﬁed using probit analysis. Log10-transformed HEV viral loads
were summarized (n, mean, standard deviation) by day for the reproducibility panel and by genotype and sample source for the genotype inclusivity panel.

3. Results

2. Materials and methods

3.1. HEV viral load quantiﬁcation

We evaluated the performance of the cobas HEV assay including
accuracy and reproducibility in HEV viral load determination, its sensitivity [lower limit of detection (LOD)] and its genotype inclusivity.

The cobas HEV assay showed a strong linear relationship between
the log of HEV WHO dilution series and Ct values over the reportable
range of 200–5000 IU/mL (r2 = 0.98) (Fig. 1). The PCR eﬃciency rate
was 92 %.

a) Quantiﬁcation of HEV viral load
3.2. Veriﬁcation of limit of detection (LOD)/ Sensitivity

HEV viral load determination was performed using replicates of
each log-transformed member from a WHO standard dilution panel (n
= 18).

As shown in Table 1 the assay could detect all samples (n = 40
each) at HEV RNA concentrations of 50 and 100 IU/mL. The detection
was signiﬁcantly limited at a titer of 15 IU/mL.
The estimated LOD using the cobas HEV assay was 22.0 IU/mL [95
% conﬁdence interval (CI) 17.4–31.8] as shown in Fig. 2.
Next, we evaluated the HEV RNA quantiﬁcation in plasma compared with serum. As shown in the Fig. 3, the estimated viral load was
consistently higher in serum than in plasma in all samples. One sample
(both plasma and serum) was deemed to be an outlier and was excluded
from the analysis. The mean bias amounted to−0.23 log 10 IU/mL (95
% CI: −0.50–0.03).

b) Veriﬁcation of limit of detection (LOD)/Sensitivity
The LOD was deﬁned as the lowest amount of viral copies that could
be detected in 95 % of repeats. HEV viral load determination was assessed using six replicates of each log-transformed member from a
WHO standard dilution panel. 40 samples were used in each category,
with a concentration ranging from 100 to 5 IU/mL.
To evaluate if plasma or serum yielded a higher viral load, we used
10 samples of WHO standard dilutions, in which the viral load was
estimated in both EDTA plasma and serum. One sample (P1) was excluded due to a very low concentration of 3.49 IU/mL.

3.3. Reproducibility

b) Reproducibility

Reproducibility was evaluated by measuring the samples on three
separate occasions. The results were highly consistent on all days for all
tested concentrations as shown in Fig. 4. The results are presented in
more detail in Table 2. The reproducibility of the test indicates a high
accuracy and is therefore critical for a successful qualitative molecular
assay.

The assay reproducibility was tested in three diﬀerent concentration
levels (5000, 1000 and 200IU/mL) at three separate days using the
cobas HEV assay. For each concentration we used 10 samples.
c) Genotype inclusivity panel
To test the sensitivity of the assay for the following HEV (sub)genotypes, we used 11 WHO standard dilutions of diﬀerent genotypes (1a,
1e, 3b, 3c, 3e, 3f, 3 (rabbit-like), 4c, 4 g, 2a), from diﬀerent sources
(stool, plasma) as panels for the estimation. The concentration of each
panel was estimated 3 times using the cobas HEV assay.

3.4. Detection of diﬀerent HEV genotypes
The assay could identify all tested HEV subgenotypes. The overall
accuracy of the viral load quantiﬁcation was high for most subgenotypes. Only for the genotype 1e in plasma, 3 (rabbit-like) in stool
and 2a in stool demonstrated a lower concentration than the WHO
standard. The results are shown in the Table 3 in more detail.

d) Stability
2
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Fig. 1. Correlation of the nominal HEV concentration and the Ct values using the Cobas HEV assay. The Cobas HEV assay shows a strong linear relationship between
the log of HEV WHO dilution series and Ct values over the range of 200–5000 IU/mL.

for the detection and quantiﬁcation of HEV RNA. The development and
optimization of molecular technologies remains challenging due to a
variety of aspects ranging from target selection to probe design.
Previous studies have shown that the performance of other HEV RNA
detection and quantiﬁcation assays varies greatly, partly due to viral
diversity and partly due to inferior assay stability [12,13]. Generally,
real-time PCR assays demonstrated a higher sensitivity than nested PCR
assays, although their sensitivity varied as well [12]. The here presented evaluation of the cobas HEV assay indicates that the assay shows
strong linearity and great reproducibility and stability. Stability is an
important issue in particular for re-testing and research issues, as it is
not rare for a sample to undergo more than one cycle of freezing and
thawing routinely.
In recent studies the evaluation of other HEV RNA quantiﬁcation
assays such as the real-time reverse transcription PCR assay SynTura
and the Altona RT PCR showed acceptable linearity as well as high
sensitivity, with performance similar to that of the cobas HEV assay
[1,19]. In a previous study, the SynTura real-time reverse transcription
PCR assay demonstrated a very low LOD (25.2 IU/mL) [1]. Further
studies, evaluating additional HEV molecular assays showed an LOD of
37.8IU/mL for the RealStar HEV RT PCR 1.0, 86.8IU/mL for the
Ceeram kit and 180.4IU/mL for the AMpliCube HEV PCR assay [20].
Generally, the here observed sensitivity of the cobas HEV assay was
consistent with data from previous reports [1,12]. The limit of detection (LOD) of the cobas HEV assay was shown to be very low with 22.0
IU/mL, a result very close to the claimed LOD of the WHO standards of
18.6 IU/mL, highlighting the sensitivity of the assay. This demonstrates
that the cobas HEV assay is a reliable assay for HEV viral load quantiﬁcation, even at low viral load concentrations, while its strong linearity indicates high accuracy. Previous evaluations of other molecular
HEV assays have also shown a linear relationship using WHO dilutions
as well [1,19].
Moreover, viral load results obtained by testing standard WHO dilutions of diﬀerent HEV subgenotypes showed that the cobas HEV assay
can successfully detect all tested subgenotypes and that the quantitative
viral load results are similar to the WHO standards. A previous study by
Abravanel et al. assessed the performance of two other commercial HEV
RNA assays, the RealStar HEV RT PCR 1.0 and the Ceeram kit: the assays could detect all WHO standard samples of concentrations between
500 and 2500 IU/mL of the subgenotypes 3a, 3c, 3e and 3f. Further

Table 1
Rates of HEV RNA detection with the Cobas HEV assay, using WHO dilutions of
varying titers.
HEV RNA
(IU/mL)

HEV RNA
(log10 IU/mL)

Detected
Samples

Total
Tests

Rate of Detection
(%)

5
10
15
20
25
50
100

0.6990
10.000
11.761
13.010
13.979
16.990
20.000

17
30
35
39
36
40
40

40
39
40
40
39
40
40

42.5
76.9
87.5
97.5
92.3
100
100

3.5. Stability of HEV determined by the cobas assay
Sample stability was analyzed by measuring the HEV RNA after
three freeze/thaw cycles in 25 samples (Fig. 5). In T0 time point we
measured a median value of HEV RNA of 3.34 log10 IU/mL with a
minimum value of 3.22 log 10 IU/mL and a maximum value of 3.41 log
10 IU/mL. In T3 time point the measured median HEV RNA value
amounted to 3.27 log 10 IU/mL with a minimum of 3.17 log 10 IU/mL
and a maximum of 3.39 log 10 IU/mL. The mean diﬀerence between T3
and T0 was −0.06 log 10 IU/mL (95 % CI −0.09 to −0.02). The hit
rate was 100 % at both time points.
3.6. Viral load monitoring in patients under treatment
The viral load was measured using the cobas HEV assay and the FTD
assay in four patients (P11−14) under ribavirin treatment due to acute
HEV infection. Before treatment (T1) and under treatment (T2−4) the
cobas HEV assay yielded higher viral loads than the FTD assay. The
cobas HEV assay shows greater sensitivity compared to the FTD assay,
as in several time points HEV RNA appears undetectable with the FTD
assay but can be quantiﬁed with the cobas HEV assay (Fig. 6a-d).
4. Discussion
The emergence of HEV infection as a signiﬁcant cause of morbidity
and mortality has intensiﬁed the need for sensitive and speciﬁc assays
3
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Fig. 2. Limit of detection estimation for the HEV target. The viral load estimation of the WHO standard dilutions was performed using the Cobas HEV assay. The LOD
of WHO standard dilutions was 18.6 IU/mL, while the LOD according to the assay was comparable with 22 IU/mL (95 % CI: 17.4 to 31.8 IU/mL).

Fig. 3. Matrix comparison between the estimated viral load in plasma and serum of the same samples using the cobas HEV assay.
4
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Fig. 4. Graphical performance of the HEV concentration of WHO standard dilutions, in concentrations of 200IU/mL, 1000IU/mL and 5000IU/mL, estimated by the
Cobas HEV assay on three separate days. The dilutions were of three groups, each one with 10 probes.

Table 2
Variation of the estimated viral load on three separate days.
Nominal HEV Conc. (IU/mL)

5000
1000
200

Nominal HEV Conc. (log10 IU/mL)

3.70
3.00
2.30

Day 1

Day 2

Day 3

Total Variance

n

mean

s.d.

n

mean

s.d.

n

mean

s.d.

10
10
10

3.846
3.131
2.522

0.059
0.059
0.101

10
10
10

3.706
3.052
2.369

0.067
0.101
0.153

10
10
10

3.741
3.033
2.271

0.038
0.064
0.139

0.008
0.008
0.032

Table 3
Genotype inclusivity panel.
GT

Source

N

MEAN WHO
(log10 IU/mL)

MEAN (Cobas) (log10 IU/mL)

Change MEAN (log10IU/mL)

95 %CI (log10IU/mL)

ST DEV

min

max

range

1a
1a
1e
3b
3c
3e
3f
3 (rabbit-like)
4c
4g
2a

plasma
stool
plasma
plasma
plasma
plasma
plasma
stool
plasma
plasma
stool

3
3
3
3
3
3
3
3
3
3
3

2.64
4.25
3.25
4.20
3.40
3.50
3.84
4.98
4.07
3.77
5.42

3.09
4.87
3.16
4.38
3.42
4.34
4.34
3.60
4.65
4.30
4.97

0.45
0.62
−0.09
0.18
0.02
0.84
0.5
−1.38
0.58
0.53
−0.45

2.77
4.73
2.81
4.28
3.18
4.15
4.27
3.20
4.49
4.14
4.77

0.13
0.06
0.14
0.04
0.10
0.08
0.03
0.16
0.06
0.06
0.08

2.94
4.81
3.03
4.34
3.36
4.26
4.31
3.42
4.59
4.23
4.88

3.18
4.91
3.30
4.42
3.53
4.41
4.35
3.75
4.72
4.34
5.02

0.23
0.11
0.27
0.08
0.17
0.15
0.04
0.32
0.13
0.12
0.14

3.42
5.01
3.50
4.49
3.66
4.53
4.40
4.01
4.81
4.46
5.18

demonstrated that the cobas HEV assay was superior to the FTD HEV
assay in terms of accuracy and sensitivity. FTD HEV assay in a CE
certiﬁed assay, which had comparable performance to other assays by
their evaluation [23]. Importantly, HEV viral load measurement with
the FTD assay resulted in false negative results in several instances,
when comparing it to the results generated by the cobas HEV assay. The
majority of patients undergoing antiviral therapy due to HEV infection
are immunocompromised, which can lead to chroniﬁcation of HEV
infection. Antiviral treatment is possible but not a panacea, as HEV
mutations associated ribavirin treatment failure have been described
[24]. Reliable monitoring is crucial as viral load kinetics aﬀect directly
the decision to stop or prolong antiviral treatment [25]. This underlines
the importance of accurate diagnosis and viral load estimation.
Our study has some limitations. A limitation of our study is the

genotypes were not tested [11]. Other HEV PCR assays show high
sensitivity for genotypes 3 and 4, similar to the Cobas HEV assay [12].
Data for HEV genotypes 1 and 2 are limited. We here show that the
cobas HEV assay oﬀers a wide diagnostic spectrum, including not only
the HEV infections with genotype 3 and 4 but also genotypes 1 and 2,
which are highly prevalent in developing countries and can cause
travel-associated infections.
The comparison of the HEV viral load in serum and plasma showed
that the serum concentration in all samples was slightly higher (0.2 log)
than in plasma indicating minor diﬀerences between plasma and serum
viral loads. This is consistent with previous studies [21,22].
Accurate detection and quantiﬁcation of HEV RNA plays a crucial
role in the reliable diagnosis of HEV infection and monitoring of HEV
infected patients undergoing antiviral treatment. We have here
5
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Fig. 5. Sample stability analysis of 25 WHO dilutions using the Cobas HEV assay at time point 0 (T0) as well as after three cycle of thaw and freeze (T3). The results in
T3 are similar to those of T0 with a mean diﬀerence (T3-T0) of−0.06 log 10 IU/mL, showing the stability of the assay.

Fig. 6. a-d: HEV viral load estimation by Cobas HEV assay and FTD assay in four patients with acute HEV infection before (T1) and under (T2-4) treatment with
ribavirin.
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relatively small number of tested samples. A validation of the results in
another population, using possibly another RNA extraction method,
should be performed. We limited our evaluation to blood related materials such as serum and plasma and did not include other materials
e.g. urine. We tested the linearity of the cobas assay for values between
200 IU/mL and 5000IU/mL and not for higher values, which is another
limitation of our study. We did actually use the assay to estimate higher
values for other purposes of our study. We estimated the viral load of
patient samples, which reached values of 7log10 IU/mL, to scrutinize
the performance of cobas assay in HEV RNA quantiﬁcation. However,
we can present no data about the assay´s linearity for these high values.
Moreover, we focused on HEV genotypes 1–4 and have not evaluated
rarer and clinically less signiﬁcant genotypes such as genotype 7.
Nevertheless, our study is the ﬁrst to validate a new diagnostic tool for
HEV RNA quantiﬁcation, the cobas HEV assay. Our results demonstrate
that the assay is accurate and sensitive, produces reproducible results
and detects the clinically signiﬁcant HEV genotypes reliably, thus expanding and enhancing the diagnostic options in HEV infection.
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