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ABSTRACT The pathogenic mechanisms determining the diverse clinical outcomes of
HEV infection (e.g., self-limiting versus chronic or symptomatic versus asymptomatic) are
not yet understood. Because specific microRNA signatures during viral infection inform
the cellular processes involved in virus replication and pathogenesis, we investigated
plasma microRNA profiles in 44 subjects, including patients with symptomatic acute
(AHE, n = 7) and chronic (CHE, n = 6) hepatitis E, blood donors with asymptomatic infec-
tion (HEV BDs, n = 9), and anti-HEV IgG* IgM~ (exposed BDs, n = 10) and anti-HEV IgG~
IgM~ (naive BDs, n = 12) healthy blood donors. By measuring the abundance of 179
microRNAs in AHE patients and naive BDs by reverse transcription-quantitative PCR (RT-
gPCR), we identified 51 potential HEV-regulated microRNAs (P value adjusted for multi-
ple testing by the Benjamini-Hochberg correction [Pg,] < 0.05). Further analysis showed
that HEV genotype 3 infection is associated with miR-122, miR-194, miR-885, and miR-
30a upregulation and miR-221, miR-223, and miR-27a downregulation. AHE patients
showed significantly higher levels of miR-122 and miR-194 and lower levels of miR-221,
miR-27a, and miR-335 than HEV BDs. This specific microRNA signature in AHE could pro-
mote virus replication and reduce antiviral immune responses, contributing to the devel-
opment of clinical symptoms. We found that miR-194, miR-335, and miR-221 can dis-
criminate between asymptomatic HEV infections and those developing acute symptoms,
whereas miR-335 correctly classifies AHE and CHE patients. Our data suggest that diverse
outcomes of HEV infection result from different HEV-induced microRNA dysregulations.
The specific microRNA signatures described offer novel information that may serve to
develop biomarkers of HEV infection outcomes and improve our understanding of HEV
pathogenesis, which may facilitate the identification of antiviral targets.

IMPORTANCE There is increasing evidence that viruses dysregulate the expression and/
or secretion of microRNAs to promote viral replication, immune evasion, and pathogene-
sis. In this study, we evaluated the change in microRNA abundance in patients with
acute or chronic HEV infection and asymptomatic HEV-infected blood donors. Our results
suggest that different HEV-induced microRNA dysregulations may contribute to the
diverse clinical manifestations of HEV infection. The specific microRNA signatures identi-
fied in this study hold potential as predictive markers of HEV infection outcomes, which
would improve the clinical management of hepatitis E patients, particularly of those
developing severe symptoms or chronic infections. Furthermore, this study provides new
insights into HEV pathogenesis that may serve to identify antiviral targets, which would
have a major impact because no effective treatments are yet available.
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epatitis E virus (HEV) belongs to the genus Orthohepevirus within the Hepeviridae fam-

ily (1) and is the most common cause of acute viral hepatitis worldwide (2). This virus
causes an estimated 20 million infections annually, resulting in 3.4 million symptomatic hep-
atitis E cases and 70,000 deaths (3). Among the four HEV genotypes infecting humans, geno-
types 1 and 2 cause large outbreaks and epidemics in developing countries (3), where HEV
causes up to 30% mortality in pregnant women in the third trimester of gestation (4, 5). In
contrast, genotypes 3 and 4 are associated with zoonotic infections, which are becoming an
emerging threat in industrialized countries given the widespread prevalence of the virus
among humans and animal reservoirs (2, 6). Although these infections are typically asymp-
tomatic, chronic infections have been reported among immunocompromised patients, who
are at risk of developing cirrhosis, acute decompensation, and liver failure (7, 8). HEV may
also cause extrahepatic manifestations including neurological disorders such as Guillain-
Barré syndrome, neuralgic amyotrophy, inflammatory polyradiculopathy, bilateral brachial
neuritis, encephalitis, myelitis, necrotizing myositis, and multifocal neuropathy, kidney dam-
age, pancreatitis, and hematological complications (8, 9). Notably, a French study reported
neurological symptoms in 16.5% of symptomatic HEV infections, and these were more fre-
quent among immunocompetent patients (10). However, host and viral factors determining
the development of hepatic and extrahepatic symptoms or the establishment of persistent
infections are incompletely understood. Further, no effective treatments are available yet,
and the off-label use of ribavirin can result in selection of resistant mutants (11).

Several microRNAs (miRNAs) have been found to regulate both biological and patho-
logical liver processes (12-14). These single-stranded noncoding RNA molecules of 20 to
24 nucleotides bind to complementary sequences in the 3’ untranslated region of mRNAs
to control their translation, thereby regulating a wide range of cellular functions, including
proliferation, differentiation, and apoptosis (15). In turn, viruses may use cellular and viral
miRNAs to promote viral replication, immune evasion, and pathogenesis (16-18). There is
increasing evidence that viral infections alter microRNA expression and/or secretion, which
may lead to changes in the abundance of extracellular microRNAs. For instance, hepatitis C
virus (HCV) infection is associated with increased serum levels of several microRNAs includ-
ing miR-20a, MiR-92a, miR-122, miR-885-5p, miR-134, miR-320c, and miR-483-5p (19-21).
Furthermore, the levels of circulating miR-122 and miR-20a, which remain elevated in per-
sistent HCV infection, correlate with HCV-induced liver inflammation and fibrosis progres-
sion, respectively (20-22). Although changes in microRNA expression patterns caused by
HEV infection have been less extensively characterized than those of HCV infection, specific
microRNA signatures have been associated with HEV-induced acute liver failure in preg-
nant women (23), and serum microRNA profiling has shown potential for the diagnosis of
chronic hepatitis E (CHE) (24). However, there is still limited information on dysregulation
of microRNAs in HEV infection. Thus, we aimed to study the circulating microRNA profiles
during subclinical HEV infections as well as symptomatic acute and chronic HEV infections
in our area, where HEV genotype 3 is the predominant genotype. Our findings demon-
strated that diverse clinical outcomes of HEV infection are associated with specific
microRNA signatures, which can influence disease severity by modulating antiviral immune
responses and virus replication.

RESULTS

HEV infection alters the circulating levels of microRNAs. MicroRNA profiling in
plasma samples of acute hepatitis E (AHE) patients and naive blood donors (BDs) revealed
that 76 miRNAs were differentially expressed (P < 0.05) during acute HEV infection. Of these,
51 passed the Benjamini-Hochberg correction at a significance level of 0.05 (Fig. 1 and see
Table S1 in the supplemental material). Notably, the unsupervised analysis showed that the
samples clustered according to their biological groups, indicating that HEV infection was
causing the largest variation between the samples from AHE patients and naive BDs (Fig. S1).
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FIG 1 HEV infection is associated with an altered plasma microRNA profile. The volcano plot shows the
relationship between the P values and the ddC,. Blue spots correspond to microRNAs with P values of
<0.05 that did not pass the Benjamini-Hochberg correction for multiple testing (Pg, > 0.05). Purple and
red spots correspond to microRNAs with Pg, values of <0.05. Large red spots represent the microRNAs
that were further investigated in this study.

The plasma levels of miR-122, a liver-specific microRNA (25), and miR-885 were signifi-
cantly increased in AHE patients compared with naive BDs by an average of 35.9-fold
(P value adjusted for multiple testing by the Benjamini-Hochberg correction [Pg,] =
0.008) and 23.1-fold (Pg, = 0.01), respectively. Other microRNAs that were more abundant in
plasma of AHE patients than in that of naive BDs include miR-194 (8.1-fold; Mann-Whitney
test [MW] Py, = 0.02), miR-155 (5.5-fold; Py, = 0.005), and miR-30a (4.8-fold; Py, = 0.012). In con-
trast, significantly reduced levels of miR-335 (—4.1-fold; MW Py, = 0.02), miR-223 (—3.7-fold;
Pgy = 0.003), miR-221 (—3.1-fold; Pgy, = 0.01), miR-27a (—2.5-fold; Py, = 0.003), and miR-23a
(—1.9-fold; Py, = 0.003) among others, were observed in plasma of AHE patients compared
with naive BDs.

The different outcomes of HEV infection are associated with specific miccoRNA
dysregulations. The circulating microRNA signature for HEV infection was further vali-
dated by comparing the expression levels of the above-mentioned microRNAs in CHE and
AHE patients, HEV BDs, exposed BDs, and naive BDs. Only miR-155 was not included in the
validation study because it was undetectable in 33.3% of AHE patients (2 of 6) and 33.3%
of naive BDs (2 of 6) included in the microRNA profiling assay.

The validation study confirmed that 7 of 8 analyzed microRNAs were differentially
expressed in AHE patients, HEV BDs, and CHE patients compared with naive BDs (Fig. 2). In
all HEV-infected groups, miR-122, miR-885, miR-194, and miR-30a were upregulated com-
pared with the naive BD group. In contrast, miR-221, miR-223, and miR-27a were downre-
gulated in all HEV-infected groups compared with naive BDs.

Interestingly, miR-335 was downregulated in AHE patients, but not in HEV BDs or
CHE patients, compared with naive BDs (Fig. 2). Additionally, the circulating levels of
miR-335 were significantly higher in HEV BDs than in CHE patients.

On the other hand, miR-122, miR-194, miR-335, miR-221, and miR-27a were differen-
tially expressed in AHE patients compared with HEV BDs (Fig. 2). Whereas miR-122 and
miR-194 were upregulated in AHE patients, miR-335, miR-221, and miR-27a were
downregulated in AHE patients compared with HEV BDs.

No differences were found between naive and exposed BDs (Fig. S2).

Circulating miR-122 levels correlate with liver damage and viral replication.
Because miR-122 levels were previously associated with liver injury in different types of
liver disease (20, 24, 26-28), we assessed whether miR-122 was associated with liver
damage by correlating the circulating miR-122 levels with alanine transaminase (ALT).
Whereas a positive correlation was found between these two parameters (r = 0.548;
P = 0.008) (Fig. 3A), no correlation was observed between ALT levels and the abun-
dance of miR-let-7i-5p (r = 0.312; P = 0.158), which was used as a control (Fig. S3A). We
further established a positive correlation between miR-122 and viral load (r = 0.613;
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FIG 2 Specific microRNA dysregulations during HEV infection. Scatterplots were constructed with normalized C, values of the indicated microRNAs in
plasma of naive BDs (n = 12), AHE patients (n = 7), HEV BDs (n = 9), and CHE patients (n = 6). Upper panels correspond to upregulated microRNAs (miR-
122, miR-885, miR-194, and miR-30a). Lower panels correspond to downregulated microRNAs (miR-221, miR-223, miR-27a, and miR-335). Each dot
represents an individual sample. P values between groups were analyzed by unpaired two-tailed t test for normally distributed data or two-tailed Mann-
Whitney test (MW) for nonparametric data. P values of <0.05 were considered significant.

P = 0.009) (Fig. 3B), while no such correlation was found with miR-let-7i-5p (r = 0.019;
P =0.598) (Fig. S3A). These results indicated that miR-122 levels were associated with
both liver damage and HEV replication.

Performance of circulating microRNAs for predicting the clinical outcome of
HEV infection. To assess the predictive performance of investigated microRNAs for dis-
criminating AHE patients from HEV BDs or CHE patients, we performed a receiver operating
characteristic (ROC) analysis. Whereas the circulating levels of miR-122 (area under the
curve [AUC] = 0.794; P = 0.0502) narrowly failed to achieve a significant predictive value
(Fig. 3C), miR-194 (AUC = 0.921; P = 0.002), miR-335 (AUC = 1.0; P = 0.0009), and miR-221
(AUC = 0.841; P = 0.023) correctly discriminated subclinical HEV infections in HEV BDs from
symptomatic HEV infections in AHE patients with 71.4% to 100.0% sensitivity and 77.8% to
100.0% specificity (Fig. 3D). In contrast, the circulating levels of miR-885, miR-223, miR-27a,
and miR-30a did not show significant predictive value (Fig. S4). With 100.0% sensitivity and
100.0% specificity, circulating miR-335 levels showed the best predictive performance for
identifying acute symptomatic HEV infections. In addition, miR-335 levels (AUC = 0.929;
P = 0.010) were also capable of predicting chronic HEV compared with AHE patients with
100.0% sensitivity and 85.7% specificity (Fig. 3E).

DISCUSSION

According to the latest global estimation, there are approximately 15 million indi-
viduals with an ongoing HEV infection (29). The infection is often asymptomatic, but
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FIG 3 Predictive performance of circulating microRNA levels in diverse HEV infection outcomes. (A and B) Correlation between miR-122 levels and ALT (A)
or viral load (B). GE, genome equivalents. The degree of association between miR-122 and ALT and between miR-122 and viral load was calculated by
Spearman rank correlation and Pearson correlation coefficients, respectively. Correlation coefficients (r) and P values are indicated in the graphs. (C and D)
ROC plot analysis of predictive discrimination of AHE patients from HEV BDs by miR-122 (C), miR-194 (D, left panel), miR-335 (D, center panel), and miR-221
(D, right panel). (E) ROC plot analysis of predictive discrimination of CHE from AHE patients by miR-335. AUC, P value, and sensitivity and specificity values
are indicated. P values of <0.05 were considered significant. Sensitivity and specificity values are given based on the best compromise between these
parameters.

severe clinical outcomes can develop, especially in pregnant women and immunosup-
pressed patients. Despite the significant burden of HEV infection, the pathophysiologi-
cal mechanisms underlying the different prognoses are not yet understood.

Given the importance of microRNAs in virus replication and pathogenesis (see refer-
ence 30 and references therein), we studied the relationship between specific plasma
microRNA signatures and both symptomatic and asymptomatic acute HEV infections,
as well as chronic HEV infections. Initial profiling of circulating microRNAs in plasma of
naive BDs and AHE patients showed significant differences in the abundance of 51
microRNAs after applying the Benjamini-Hochberg correction for multiple testing, indi-
cating that HEV infection alters the expression or secretion of these microRNAs.
Among them, miR-122, miR-194, miR-221, miR-223, miR-27a, miR-30a, miR-335, and
miR-885 were selected for further analysis in naive, exposed, and HEV BDs, AHE
patients, and CHE patients. No differences were found between exposed BDs and naive
BDs, indicating that specific dysregulations were not sustained after clearance of HEV
infection. In all HEV-infected groups, miR-122, miR-885, miR-194, and miR-30a were up-
regulated, while miR-221, miR-223, and miR-27a were downregulated, compared with
naive BDs. In contrast, miR-335 was downregulated in AHE patients but not in HEV BDs
and CHE patients compared with naive BDs. Although the role of these microRNAs in
HEV infection has not yet been established, possible functions can be assigned based
on previous studies describing their participation in other viral infections and cellular
processes (30, 31).

Increased levels of miR-122 and miR-885 have commonly been related to liver dam-
age. For instance, changes in the circulating levels of miR-122, which represents 70%
of the total liver microRNAs (25), have previously been associated with liver diseases,
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including hepatocellular carcinoma, nonalcoholic steatohepatitis, and hepatitis C and E
virus (HCV and HEV) infections (20, 24, 32-35). Similarly, an increase in the extracellular
miR-885 abundance has been reported in patients with hepatopathies such as liver cir-
rhosis, hepatocellular carcinoma, acute HCV infection, and chronic hepatitis B (20, 36,
37). In our study, the circulating levels of miR-122 and miR-885 were significantly
increased in all HEV-infected groups compared with naive BDs, indicating that HEV-
mediated upregulation of these microRNAs occurs even in the absence of manifest
liver injury. Although miR-122 failed to achieve statistical significance as a diagnostic
test to discriminate asymptomatic HEV infections from those progressing to clinical dis-
ease, the positive correlation between ALT and miR-122 suggests that the latter could
serve as a biomarker of liver damage during HEV infection. These results are consistent
with previous studies that described a direct relationship between miR-122 levels and
the clinical manifestations of viral hepatitis. For instance, circulating miR-122 levels
were associated with hepatitis E severity during pregnancy (38) and correlated with
ALT levels during HCV, HBV, and chronic HEV infections (20, 24, 26). Remarkably, miR-
122 was proven essential for HCV replication because it stabilizes the viral genome,
thereby increasing virus replication (39, 40). Because a similar role of miR-122 has been
proposed in HEV replication (41), the miR-122 upregulation that we found in all HEV-
infected groups could be part of the HEV mechanism to promote its replication, which
is consistent with the positive correlation that we observed between miR-122 and
plasma viral load.

The upregulation of miR-30a and miR-194 upon different types of viral infection has
been associated with the modulation of antiviral immune response by negatively regulat-
ing type | interferon (IFN) signaling (42, 43). Interestingly, plasma exosomes from HCV and
HCV+HEV BDs were enriched in miR-194, which is highly expressed in hepatocytes (44),
suggesting that miR-194 expression can be altered upon both HCV and HEV infection (37).
Although we analyzed total plasma microRNAs, which include microRNAs inside extracellu-
lar vesicles and free soluble microRNAs, our finding that circulating miR-194 was upregu-
lated in all HEV-infected groups is consistent with an HEV-induced dysregulation of this
microRNA to reduce type | IFN production.

Reduced expression of miR-221 was also observed during influenza A virus infection
(45) and HCV infection (37, 46). As for miR-194 and miR-30a upregulation, miR-221 down-
regulation was associated with reduced type | IFN response and increased viral replication
(45, 46).

On the other hand, miR-223 and miR-27a were reported to target cholesterol home-
ostasis and lipid metabolism, respectively (47, 48). The repression of miR-27a was asso-
ciated with an increase in the cellular lipid content and HCV replication (48). In addi-
tion, miR-27a was found to negatively regulate the expression of several genes related
to lipid metabolism such as apolipoprotein E (APOE), which may have an effect on HEV
replication (49).Thus, the downregulation of miR-223 and miR-27a observed in all HEV-
infected groups included in this study could be part of the HEV mechanism to improve
viral replication by modulating lipid metabolism.

Furthermore, miR-335 was reported to play a critical role in the activation of inflam-
matory signaling pathways (50, 51). Because the main difference between asymptom-
atic HEV BDs and AHE patients is the downregulation of miR-335 in the latter, it is
tempting to speculate that decreased levels of miR-335 during HEV infection could
lead to manifest liver injury. Interestingly, a previous study found that exosomal miR-
335 levels were dysregulated upon both HEV and HCV infections (37), being downre-
gulated in HEV-infected patients but not in HEV BDs, which is in accordance with our
observations.

Additionally, AHE patients in our study presented significantly higher levels of miR-122
and miR-194 and significantly lower levels of miR-221 and miR-27a than asymptomatic
HEV BDs, suggesting that clinical manifestations of HEV infection could be associated with
a larger HEV-induced alteration of the expression levels of microRNAs that participate in vi-
rus replication and antiviral immune response. Thus, along with reduced miR-335 levels, a
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higher dysregulation of miR-194 and miR-221 in AHE patients than in HEV BDs could
induce a greater impairment of antiviral immune responses, thereby contributing to the
different outcomes of HEV infection.

Notably, the plasma levels of miR-335, miR-194, and miR-221 were able to discrimi-
nate asymptomatic patients from those developing clinical symptoms. Circulating miR-
335 levels showed the best specificity and sensitivity to distinguish between HEV BDs
and AHE patients. In addition, they were also capable of discriminating acute infections
from those progressing to a chronic stage despite the low number of samples available
for these groups, which is a limitation of our study. Another limitation is that we have
analyzed the microRNA profile during HEV genotype 3 infection; hence, it remains to
be determined whether similar microRNA profiles would be observed for other HEV
genotypes.

Symptomatic HEV infection in AHE patients was associated with miR-335 downreg-
ulation, which might lead to liver inflammation, along with a greater dysregulation of
lipid metabolism through miR-223 and miR-27a and a greater impairment of type | IFN
signaling through miR-194, miR-30a, and miR-221. Furthermore, we showed that the
circulating levels of miR-335, miR-194, and miR-221 hold potential as predictive
markers of HEV infection outcomes.

In summary, the current study demonstrates that HEV infection modifies the expres-
sion profile of host microRNAs that participate in lipid metabolism and type | IFN
response in various types of viral infection, suggesting that HEV replication requires a
fine regulation of both processes.

Our findings support the hypothesis that specific plasma microRNA signatures dur-
ing HEV infection may lead to distinct regulation of antiviral immune response and vi-
rus replication, resulting in diverse clinical manifestations of HEV genotype 3 infection.
The circulating microRNA signatures described in this study may improve our under-
standing of HEV pathogenesis and help in developing new treatments for severe HEV
infections. Given the advantages of using the circulating microRNAs as noninvasive dis-
ease biomarkers, further investigation of the prognostic value of these microRNAs in a
larger patient cohort is warranted.

MATERIALS AND METHODS

Selection and characterization of patient and blood donor samples. This study was performed
with plasma samples from patients diagnosed with either acute hepatitis E (AHE, n = 7) or chronic hepa-
titis E (CHE, n = 6) at the Vall d'Hebron Hospital (Barcelona, Spain), blood donors with asymptomatic
acute HEV infection (HEV BDs, n = 9) identified by the routine HEV RNA screening at the Banc de Sang i
Teixits (Barcelona, Spain), HEV RNA-negative blood donors with detectable anti-HEV IgG but undetect-
able anti-HEV IgM antibodies (exposed BDs, n = 10), and HEV RNA-negative blood donors without de-
tectable anti-HEV IgG and IgM antibodies (naive BDs, n = 12). Plasma samples were kept at —30°C until
testing.

The presence of anti-HEV 1gG and IgM antibodies was assessed using the recomWell HEV 1gG/IgM
assay (Mikrogen Diagnostics). HEV RNA copies in plasma of infected patients were quantified at the Vall
d'Hebron clinical laboratories with Cobas 6800 (Roche Diagnostics) and using a calibration curve based
on the first World Health Organization International Standard for HEV RNA (Paul-Ehrlich-Institut code
6329/10), whereas viral loads in plasma of HEV BDs were determined at Banc de Sang i Teixits by in-
house reverse transcription-PCR (RT-PCR) as previously described (52). All HEV isolates belonged to ge-
notype 3 according to the genotyping method described by Bes et al. (53). Plasma levels of alanine
transaminase (ALT), aspartate transaminase (AST), and gamma-glutamyl transpeptidase (GGT) in HEV-
infected patients and HEV BDs were analyzed at the Vall d'Hebron clinical laboratories or at a reference
biochemistry laboratory, respectively. Data from serological and biochemical analysis, along with demo-
graphic, clinical, and virological information recorded before sample anonymization, are shown in
Table 1.

This study was conducted in accordance with the 1964 Declaration of Helsinki and was approved by
the Vall d'Hebron ethics committee [project code PR(BST)351/2017].

Plasma microRNA RT-qPCR profiling. To identify potentially HEV-regulated miRNAs, RNA samples
from 200 ulL plasma of 6 AHE patients and 6 naive BDs were isolated using the miRNeasy Serum/Plasma
Advanced kit (Qiagen), reverse transcribed with the miRCURY LNA RT kit (Qiagen), and run on the miRCURY
LNA miRNA PCR Serum/Plasma Focus panel (Qiagen) using miRCURY LNA SYBR green master mix (Qiagen).
The experiments were performed at Qiagen Genomic Services (Hilden, Germany). An RNA spike-in mixture
kit (Qiagen) was added prior to RNA isolation according to the quality data control pipeline of Genomic
Services. RNA spike-ins UniSp2, UniSp4, and UniSp5 were used to evaluate the RNA extraction efficiency, and
UniSp6 was added as a cDNA synthesis control. In addition, the DNA spike-in UniSp3 was used to assess
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potential quantitative PCR (qPCR) inhibitions. Hemolysis was assessed by the ratio between miR-451, which is
expressed in red blood cells, and miR-23a, which is relatively stable in plasma. The quantification cycle (Cq)
values were normalized based on the global mean (Cq mean for the assays detected in all samples) because
its stability was found to be higher than that of any single microRNA in the data set as measured by the
NormFinder algorithm (54). The delta (o8 values (qu) obtained after normalization of data were used to calcu-
late the differences in expression levels (ddC,), which were converted to fold change with the formula 244,
Eight differentially expressed microRNAs were selected for further characterization of specific microRNA dys-
regulations during HEV infection.
Characterization of specific microRNA signatures. The microRNAs analyzed in this study were
among the uppermost differentially expressed miRNAs in the profiling assay and include miR-122-5p,
miR-194-5p, miR-221-3p, miR-223-3p, miR-27a-3p, miR-30a-5p, miR-335-5p, and miR-885-5p. The
microRNAs miR-222-3p and let-7i-5p were selected as endogenous microRNA controls because they
showed the highest stability values in the profiling experiment. RNA from 32 additional samples, includ-
ing 9 HEV BDs, 1 AHE patient, 6 CHE patients, 6 naive BDs, and 10 exposed BDs, was extracted and proc-
essed as described above. The expression levels of the selected microRNAs were assessed using a
miRCURY LNA miRNA PCR custom panel. The experimental procedure was also performed at Qiagen
Genomic Services (Hilden, Germany). Data were normalized to the average from miR-222-3p and miR-
let-7i-5p assays. RNA and DNA spike-ins and hemolysis controls were applied as described above.
Statistical analysis. Principal-component analysis (PCA) was performed on all samples and the top
50 miRNAs with the largest variation across all samples. The normal distribution of the normalized C,
data was assessed by a Shapiro-Wilk normality test. Then, different microRNA expression between two
groups was assessed by unpaired two-tailed t test for normally distributed data or two-tailed Mann-
Whitney test (MW) for nonparametric data. P value and P value adjusted for multiple testing by the
Benjamini-Hochberg correction (Pg,,) were used to identify dysregulated microRNAs. A volcano plot was
constructed with the P values and the fold change data of AHE patients versus naive BDs of all analyzed
microRNAs. Receiver operating characteristic (ROC) plot analysis was performed with the normalized C, val-
ues to calculate the area under the curve (AUC), statistical significance, sensitivity, and specificity of
microRNAs to predict the clinical outcome of HEV infection. The correlations between miR-122 and ALT and
between miR-122 and viral load were calculated with nonparametric Spearman correlation and Pearson cor-
relation coefficients, respectively. Statistical analyses were performed using GraphPad Prism 8.4.3 software
(GraphPad Software, San Diego, CA). P values of <0.05 were considered statistically significant.
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