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Background: Hepatitis E virus (HEV) is an emerging infectious agent that causes acute 
hepatitis in developing and developed countries. Diagnosis of HEV infection has not been 
routinely done in Egyptian hospitals, and clinicians do not prescribe ribavirin (RBV) for acute 
hepatitis cases of unknown etiology (AHUE). We aimed to screen patients with AHUE for the 
presence of HEV markers and to determine the complications associated with HEV infection.
Patients and Methods: HEV markers (anti-HEV IgM, anti-HEV IgG, and HEV RNA) 
were assessed in patients with AHUE (n=300) admitted to Assiut University Hospitals. RT-q 
PCR was used to detect the viral load and sequencing analysis was carried out to determine 
the genotype of the detected viruses. Phylogenetic tree was constructed to evaluate the 
genetic relatedness between the isolates. Laboratory parameters and the outcomes of infec-
tion were determined.
Results: Acute HEV infection (AHE) was detected in 30 out of 300 (10%) of AHUE 
patients. Anti-HEV IgM, HEV RNA, and anti-HEV IgG were reported in 83%, 50%, and 
43% of the samples, respectively. HEV RNA load ranged from 5×102 IU/mL to 1.1×104 IU/ 
mL. Sequencing of the isolated viruses revealed that five viruses belong to HEV-1 and one 
isolate belongs to HEV-3 with high homology to the virus recently isolated from the cow and 
goat milk in the Egyptian villages. Although previous reports showed that attenuated HEV 
isolates were circulating in Egypt, four out of 30 patients (13%) developed coagulopathy and 
hepatic encephalopathy and died due to fulminant hepatic failure (FHF) within 3–6 weeks of 
hospitalization. Age, malignancy, and a history of pre-existing liver diseases were a risky 
factor for FHF development.
Conclusion: AHE is common in Upper Egypt. Older patients with malignancy and/or 
a history of liver diseases are risky. HEV diagnosis and treatment become pivotal in 
Egyptian hospitals to reduce the fatality rate and they should start urgently and promptly.
Keywords: acute hepatitis E, diagnosis, fulminant hepatitis failure, ribavirin, Egypt

Introduction
Hepatitis E virus (HEV) causes about 20 million infections and 70,000 deaths 
per year.1 HEV belongs to the Hepeviridae family and at least five genotypes are 
known as human pathogens.2 HEV-1 and HEV-2 are associated with waterborne 
infection in developing countries.3 Vertical transmission of HEV from mother to 
fetus is documented and the complications are mainly associated with HEV-1.4 

HEV-3, HEV-4, and HEV-7 are zoonotic, they are associated with foodborne and 
blood transfusion infections.5–9
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The genome of HEV includes three open reading 
frames (ORFs). ORF1 encodes the essential enzymes 
required for viral replication. ORF2 encodes the structural 
capsid protein. ORF3 is involved in virion morphogenesis 
and egress from the infected cells.1,9

Most HEV infected patients are asymptomatic.10 The 
symptoms of AHE are indistinguishable from the symp-
toms of other acute viral hepatitis (AVH) causes. AHE is 
a mostly self-limiting disease, however, progress to fulmi-
nant hepatic failure (FHF) was recorded in several 
studies.11,12 Also, HEV causes chronic infection especially 
in immunocompromised patients such as HIV infected, 
leukemic and organ transplant patients.13,14 Ribavirin 
(RBV) is used off-label in the treatment of severe acute 
and chronic HEV infections.15,16

The incubation period for HEV is about 15 to 60 days. 
Anti-HEV IgM starts to appear first alongside the devel-
opment of clinical symptoms and elevation of liver trans-
aminases, followed by the appearance of anti-HEV IgG. 
HEV RNA is detectable in the blood and stool within 
3-week post infection.17 The diagnosis of HEV infection 
is based on the detection of HEV RNA (gold standard), 
and anti-HEV antibodies (IgM and/or IgG).17–19 However, 
the serological markers could be misleading as IgM could 
stay positives for 6 months after the onset of symptoms.20

The seroprevalence of anti-HEV IgG in Egyptians is 
among the highest worldwide, reaching up to 84%.21,22 

Moreover, an outbreak of HEV was previously reported in 
rural communities of the Assiut governorate.23 However, 
HEV infection is a neglected disease in Egypt. HEV diag-
nosis is not routinely enrolled in the diagnosis of suspected 
hepatitis cases in Egyptian Hospitals. Consequently, RBV 
is not prescribed by physicians in AHUE.

Herein, we screened the suspected hepatitis cases 
admitted to Assiut University hospitals for HEV markers. 
Ten percent of the samples were reactive to HEV markers. 
Importantly, we recorded four patients who developed 
FHF and died due to hepatic encephalopathy and severe 
liver decompensation as a consequence of AHE.

Patients and Methods
Patient Samples
Patients enrolled in this study were admitted to Assiut 
University Hospital, Assiut Fever Hospital, and AL-Rajhi 
Liver hospital, Egypt during the period from September 
2016 to December 2018. The enrolled patients had one or 
more of the clinical symptoms of acute hepatitis including 

fever, jaundice, dark urine, pale stool, and a tender liver. 
Blood samples were collected from those patients and 
screened for the following, liver function tests (LFTs) 
including liver transaminases (alanine transaminase (ALT) 
and aspartate transaminase (AST), alkaline phosphatase 
(ALP) and bilirubin). Also, these samples were screened 
for routine viral hepatitis markers (as described below) and 
autoimmune hepatitis disease. Ultrasound-abdomen was 
done to exclude hepatic cell failure (portal hypertension, 
ascites). Patients with liver disease of known etiology (for 
example, HBV, HCV, autoimmune hepatitis, Drug-induced 
liver injury (DILI), and biliary diseases (diagnosed by radi-
ology imaging) were not included in this study. A complete 
medical history, including possible routes and risks of hepa-
titis exposure, was filled for each patient. All participants 
provided written informed consent, and the protocol of HEV 
detection in the blood samples of AHUE was approved by 
the Institutional Review Board (IRB no 17200190) at the 
Faculty of Medicine, Assiut University, Egypt, in accor-
dance with the provisions of the Declaration of Helsinki.

Routine Laboratory Diagnosis of Acute 
Viral Hepatitis (AVH) in Assiut Hospitals
Screening for AVH (HAV, HBV, HCV, CMV, and EBV) 
was done according to the protocol of Assiut University 
hospitals. Screening for HAV was performed using a rapid 
test for anti-HAV immunoglobulin M (IgM) (CTK 
Biotech, San Diego, CA, USA). HBV diagnosis is based 
on the detection of HBsAg (ACON laboratories, Inc., 
USA), anti-HBV core IgM (IND Diagnostic, Delta, 
Canada) and HBV DNA. Screening for HCV was done 
for anti-HCV IgG using the fourth-generation HCV Tri- 
Dot test control (Atlas Link, USA) and detection of HCV 
RNA by qPCR. CMV was performed using anti-CMV- 
IgM (MyBioSource, Inc. San Diego, USA) and screening 
of EBV was done by the monospot test. The diagnosis of 
HEV infection is not routinely done in Assiut hospitals.

Diagnosis of Autoimmune Hepatitis
The diagnosis was based on a clinical history, expected 
symptoms of an underlying autoimmune etiology and 
laboratory diagnosis. Laboratory diagnosis includes the 
detection of antinuclear antibodies (ANA) using ANA 
Screen IgG ELISA kit (Diagnostic Automation/Cortez 
Diagnostics INC. Woodland Hills, California, USA), anti--
smooth muscle antibodies (ASMA) using ASMA ELISA 
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Kit (MyBioSource, USA), and total human IgG (Thermo 
Fischer Scientific, USA).

HEV Serology Assays
Anti-HEV IgM and anti-HEV IgG were tested in the patients’ 
plasma samples using Wantai ELISA kit (Wantai Biologic 
Pharmacy Enterprise, Beijing, China) according to the manu-
facturer’s instructions. We included samples collected from 
healthy Egyptian subjects besides the negative control (NC) 
provided in the kit, to calculate the cut off (C.O).

HEV RNA Detection and Sequencing of 
the Isolated Viruses
Viral RNA was extracted from the plasma using QIAamp 
Viral RNA Mini Kit (Qiagen, Germany) according to the 
manufacturer’s instructions. HEV RNA was detected and 
quantified by qPCR using primers targeting HEV ORF2/3 
region as described previously.24–27 For sequencing and 
classification of the isolated viruses, nested PCR was done 
using primers targeting HEV ORF2 as previously 
described.24,26,28 The amplified products were sequenced 
(Macrogen, South Korea). The resulting sequences were 
analyzed using Bioedit and aligned using Muscle align 
alongside HEV references downloaded from NCBI 
GenBank. A phylogenetic tree was constructed using the 
MEGAX program and a maximum likelihood analysis to 
determine the genotype and subtype of the isolated viruses 
according to the classification of Smith et al.2

Statistics
Statistical analyses were performed using the GraphPad 
Prism software 6 (GraphPad Software, La Jolla, USA). 
Results are expressed as mean ± SEM, median with inter-
quartile range unless otherwise specified. P value is calcu-
lated by the student’s unpaired two-tailed t-test. P < 0.05 
was considered significant.

Result
Screening of HEV Markers in AHUE
Three hundred (n=300) acute hepatitis cases were screened 
for HEV markers. The cases were negative for other viral 
hepatitis causes (HAV, HBV, HCV, CMV, and EBV) and 
autoimmune hepatitis markers. In addition, medical history 
excluded the possibility of DILI or alcohol-induced liver 
injury (Figure 1). Thirty out of 300 (10%) of the patients 
were diagnosed with AHE, while 270 samples were tested 
negative to HEV markers (90%). Twenty-five out of 30 

samples were tested positive for anti-HEV IgM (83.33%), 
HEV RNA was detectable in 15 samples (50%). Anti-HEV 
IgG was detectable in 43.3% (13/30) of the samples. Two 
HEV markers were recorded in 15 out of 30 samples 
(50%), one marker was detectable in 11 samples (36.7%) 
and the three markers were detectable in 4 samples 
(13.3%) (Figure 2).

Demographic and Laboratory 
Characterization of AHE Patients
Among 30 AHE patients, 16 patients were male (53%) and 
14 patients were female (47%). No statistically significant 
differences were found between AHE patients and non- 
HEV infected (NHE) patients with regard to age and sex. 
The median (interquartile range, IQR) of ALT and AST 
enzymes in AHE patients were 454 U/l and 357 U/l, 
respectively, which were significantly higher than the med-
ian of these enzymes in NHE patients. While the levels of 
ALP and bilirubin were comparable in AHE and NHE 
patients. The median with IQR of the R-value (expressed 
as (ALT/upper limit normal (ULN) of ALT)/(ALP/ULN of 
ALP)) was 5.36 in AHE patients, which was significantly 
higher than in NHE patient (R-value =1.89) (Table 1).

Description of the AHE Patients Who 
Developed Fulminant Hepatic Failure 
(FHF)
Four cases out of 30 (13%) of AHE patients developed 
severe decompensated liver and FHF (Table 2). FHF 
patients developed ascites, coagulopathy (INR ≥1.5) and 
hepatic encephalopathy within 2–3 weeks of the jaundice 
onset. They died within 3–6 weeks of hospitalization. FHF 
patients were 3 males (75%) and 1 female (25%), they 
were older age (age ≥ 60).  All FHF patients were living in 
rural communities and two of them had a history of pre-
vious liver disorders. The first patient (patient #1) had 
admitted to ICU 1 year ago before a recent diagnosis 
with HEV due to septic shock that required long- 
standing hospitalization and complicated with liver dys-
function. The second patient (patient #2) had a history of 
hospital admission due to acute HAV infection few months 
before the recent diagnosis with HEV. Anti-HEV IgM was 
detectable in the four cases (100%), HEV RNA 
was detectable in 2 patients (50%) and anti-HEV IgG 
was detectable in 1 patient (25%). HEV RNA load was 
1.1x104 IU/mL and 2.7x103 IU/mL in patient #1 and 
patient #2, respectively. The third patient had acute 
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Figure 1 Schematic flow of the study design. Acute hepatitis symptomatic patients admitted to Assiut University hospitals were assessed for LFTs including liver 
transaminases and bilirubin. Patients with abnormal LFTs were screened for routine viral hepatitis markers (HAV, HBV, HCV, CMV, and EBV), autoimmune hepatitis 
markers. Medical history for the patients excluded the possibility of DILI or alcohol-induced liver injury. Samples tested negative to the previously mentioned markers were 
screened for HEV markers. Patients with liver disease of known etiology (for example HBV, HCV, autoimmune hepatitis, and DILI were not included in this study.

Figure 2 Assessment of HEV markers in AHUE and the outcomes of infection. AHUE (n=300) were screened for HEV markers (anti-HEV IgM, anti-HEV IgG, and HEV 
RNA). 30 samples were reactive to HEV markers. Four samples were positive to the tested HEV markers (Group 1), 3 samples were positive to anti-HEV IgG and HEV RNA 
(Group 5) and 2 samples tested positive for anti-HEV IgG (group 6). All the previous patients (Group 1, 5 and 6) recovered without complications. 8 samples were positive 
to anti-HEV IgM and HEV RNA, and negative for anti-HEV IgG (Group 2), 4 samples tested positive to anti-HEV IgM and anti-HEV IgG, and negative for HEV RNA (Group 3), 
and 9 samples were tested positive for anti-HEV IgM (Group 4). The previous patients (Group 2, 3, 4, n= 21), 17 patients recovered without complications and 4 patients 
progressed to FHF. Groups 4 and 6 were also positive for HEV Ag.
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leukemia, and the fourth patient was older (76 years) than 
the other patients (Table 2).

Comparison of FHF Patients with Patients 
with Self-Limited AHE Patients 
(Recovered Patients)
Out of 30 AHE patients, 4 cases (13%) developed FHF and 
26 cases (87%) had not developed the complications (ie 
coagulopathy and encephalopathy) and they recovered 

completely with supportive therapies (Table 3). FHF patients 
were older (median age 69 years) than self-limited AHE 
patients (median age 51 years). There is no statistical differ-
ence between the two groups in terms of sex. The median 
(with IQR) level of ALT, AST, and bilirubin were signifi-
cantly higher in FHF patients than self-limited AHE 
patients. Similarly, the ALP level was higher in FHF cases 
than in self-limited AHE patients (Figure 3A, Table 3). Anti- 
HEV IgM was recorded in the FHF cases (4/4, 100%), while 
this marker was detectable in 80.7% (21/26 cases) of self- 

Table 1 Demographic and Laboratory of AHE and NHE Infected Patients

Variables AHE Patients (n=30) NHE Patients (n=270) Statistic 
S/Nsa

Age (year) 51 (44–60) 49 (40–56) Ns

Sex M/F 16/14 (53%/ 47%) 130/140 (48%/ 52%) Ns

ALT U/l 454 (236–946) 183 (99–412) S, P < 0.0001
AST U/l 357 (221–630) 134 (89–224) S, P < 0.0001

ALP U/l 300 (173–412) 321 (217–495) Ns

ALT/ALP (R-value)b 5.14 (3.2–5.8) 1.89 (1.386–2.76) S, P < 0.0001
Bilirubin (µmol/L) 240 (140–260) 243 (156–320) Ns

Notes: All values are represented as medians and interquartile ranges (IQR). ALT (normal range < 40 U/l); AST (normal range < 35 U/l) and ALP (normal range, 35–105 U/ 
l); bilirubin (normal range, 1.71 to 20.5 μmol/l). aS means significant (p<0.05) and Ns means non-significant (p>0.05) as calculated by student’s unpaired t test. bR-value= (ALT/ 
ULN)/ (ALP/ULN). ULN is the upper limit normal.

Table 2 Baseline Characteristics of Patients Developed Fulminant Hepatic Failure (FHF)

Parameters Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 60 72 66 76

Sex (M/F) M M M F

Liver Function tests ALT 1025 U/l ALT 845 U/l ALT 1220 U/l ALT 459 U/l
AST 683 U/l AST 563 U/l AST 813 U/l AST 306 U/l
ALP 520 U/l ALP 340 U/l ALP 410 U/l ALP 178 U/l

Bilirubin 480 µmol/L Bilirubin 520 µmol/L Bilirubin 640 µmol/L Bilirubin 450 µmol/L

International normalized ratio 

(INR)

1.55 1.7 1.8 1.67

HEV markers Anti-HEV IgM (+), HEV 

RNA (+), 

Anti-HEV IgG (-).

Anti-HEV IgM (+), HEV 

RNA (+), 

Anti-HEV IgG (-).

Anti-HEV IgM (+), Anti-HEV 

IgG (+), 

HEV RNA (-).

Anti-HEV IgM (+), 

Anti-HEV IgG (-), 

HEV RNA (-).

HEV genotype/subtype HEV-1 

1e

HEV-1 

1b

ND ND

History of liver disease Yes Yes No No

Malignancy No No Yes 

Leukemia

No

Hospitalization 22 days 33 days 37 days 26 days

Rural/Urban communities Rural Rural Rural Rural
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limited AHE patients. The level of anti-HEV IgM (as deter-
mined by A450/C.O.) was significantly higher in FHF 
patients than recovered patients (Figure 3B). While anti- 
HEV IgG was detectable in 12 out of 26 AHE patients 
(46%) and in 1 out of 4 FHF patients (25%). The mean 
HEV load was slightly higher in FHF patients (6.8x 103 

IU/mL) than self-limited AHE patients (2.76x 103 IU/mL). 
The previous history of pre-existing liver disease was found 
to be significantly associated with FHF and the duration of 
hospitalization was longer for FHF patients. All FHF 
patients and most self-limited AHE (69%) were living in 
rural communities (Table 3).

Characterization of the Isolated Viruses 
from FHF and Self-Limited AHE Patients
HEV RNA was detectable in two cases (2/4, 50%) of FHF 
patients, the HEV RNA load was 1.1x104 IU/mL and 
2.7x103 IU/mL in the two cases, respectively. HEV RNA 
was also detectable in 50% of recovered patients (13/26 
cases). The HEV load in self-limited AHE patients ranged 
from 5x102 IU/mL to 9.45x103 IU/mL. Sequencing of the 
isolated viruses was possible in six cases (2 FHF, 4 self- 

limited AHE patients). Phylogenetic analysis revealed that 
the isolated viruses from FHF belong to HEV-1, one virus 
(patient #1) showed a homology to the previous HEV isolate 
from Egypt (accession number AF051351.1) and the other 
isolate (patient #2) subclassed to 1b. Similarly, two viruses 
isolated from self-limited AHE patients (patient #4 and 
patient #5) belonged to HEV-1 subclass 1b, one virus (patient 
#3) subdivided the cluster of 1e, and the last isolate (patient 
#6) subdivided to HEV-3 subtype 3a (Figure 4).

Discussion
Viral hepatitis infections, including HEV, are endemic in 
many developing countries.29–31 HEV infection was 
reported as highly endemic in rural Egyptian 
communities.22 Stoszek et al conducted a prospective 
cohort study on the villagers in two Egyptian rural com-
munities, 919 villagers were initially anti-HEV IgG nega-
tive, after about 10 months 3.7% of the villagers showed 
reactivity to anti-HEV IgG giving an estimated anti-HEV 
incidence of 41.6/1000 person-years.21 Also, the reported 
seroprevalence of HEV among the Egyptian pregnant 
women was up to 84%, most of the tested women were 

Table 3 Comparison of Characteristics of FHF Patients and Acute Self-Limited HEV Patients

Parameters FHF Patients 
(n=4)

Self-Limited AHE Patient 
(n=26)

Statistic 
S/Nsa

Age (years) 69 (61–75) 51 (45–61) S, p= 0.0472

Sex (M/F) 3/1 13/13 Ns

Liver function tests 

(LFTs)

ALT 935 (555–1171) ALT 430 (223–873) S, p=0.0467
AST 623 (370–780) AST 315 (189–539) S, p=0.0486

ALP 375 (218–492) ALP 285 (157–379) Ns

Bilirubin 500 (457–610) Bilirubin 230 (109–250) S, p< 0.0001

INR 1.685 (1.58–1.775) 1.24(1.19–1.315) S, p< 0.0001

Complications 

coagulopathy, encephalopathy, and death

Yes (4/4) No (0/26) S, p< 0.0001

HEV markers Anti-HEV IgM 4/4 (100%) 

Anti-HEV IgG 1/4 (25%) 

HEV RNA 2/4 (50%)

Anti-HEV IgM 21/26 (80.7%) 

Anti-HEV IgG 12/26 (46%) 

HEV RNA 13/26 (50%)

NA

HEV genotype/subtype and mean viral load HEV-1 (subtype 1b, 1e) 

6.8x 103 IU/mL

HEV-1 (subtype 1b,1e), and HEV-3 (subtype 3a) 

2.76x 103 IU/mL

Ns

History of liver disease 2/4 (50%) 5/26 (19.2%) S, p=0.0356

Hospitalization (days) 29 (23–36) 7 (5–10) S, p< 0.0001
Rural/Urban communities Rural (4/4) 

Urban (0/4)

Rural (18/26) 

Urban (8/26)

Ns

Notes: The values are represented as medians and interquartile ranges. aS means significant (p<0.05) and Ns means non-significant (p>0.05) as calculated by student’s 
unpaired t test.
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Figure 3 Comparison of LFTs and HEV markers in FHF patients and self-limited AHE patients. FHF patients (n=4) and self-limited AHE patients (n=26) were assessed for 
LFTs and HEV markers. (A) The LFTs (ALT, AST, and ALP) were measured in FHF patients and self-limited AHE patients. (B) The absorbance of anti-HEV IgM (A450/C.O.) 
was compared in FHF patients and self-limited AHE patients. *, ** means p<0.05 and p≤ 0.01, respectively as determined by two-tailed student’s t test.

Figure 4 Phylogenetic analysis of the isolated viruses. A maximum-likelihood phylogenetic tree was constructed using various HEV reference sequences with 1000 bootstrap 
replicas. GenBank accession numbers are shown for each HEV reference strain used in the phylogenetic analysis. The isolated viruses from the patients were remarked it by 
putting a circle beside them.
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asymptomatic or had subclinical infection suggesting that 
these women had prior HEV exposures at the childbearing 
age.21 In Egypt, HEV caused 13–42% of acute viral hepa-
titis (AVH) cases.32–34 In the Assiut governate, there was 
an outbreak of HEV infection in one village (Kom EL 
Mansoura), where symptomatic HEV cases (n=14) and 
asymptomatic HEV infections in their family members 
and contacts (14 cases) were seroconverted to anti-HEV 
IgM.23 Although the previously mentioned reports, HEV 
infection is still a neglected disease in Egypt. HEV diag-
nosis is not routinely done in the screening of AVH cases 
and/or AHUE in Egyptian hospitals. Besides, HEV 
research is limited in Egypt and only limited sequences 
of HEV were characterized. The cause for this neglect 
despite the previous alerts could be attributed to several 
reasons: a) Earlier studies done on HEV in Egypt during 
the period 2000–2006 revealed that HEV infection was 
self-limiting disease and most AHE cases were asympto-
matic or had subclinical infection.21,22 b) One large pro-
spective was done in two governates in Egypt during the 
period 2006–2008 concluded that HEV-associated AVH is 
relatively uncommon and an attenuated HEV-1 strain was 
circulating in Egypt which explained the low mortality rate 
associated with HEV infection.35 c) Due to the financial 
limitation in developing countries, most of the available 
funding sources in Egypt were directed to study other 
highly endemic hepatotropic viruses such as HCV 
and HBV.

The research on HEV has been increased globally in 
the past decade. Therefore, the understanding of HEV 
ecology has been changed, from a waterborne pathogen 
causing acute infection in developing countries to a global 
pathogen causing acute, chronic and extrahepatic manifes-
tations with a possible zoonotic origin.3,36–38 Moreover, 
HEV infection was underestimated due to the lack of 
sensitive assay for HEV diagnosis. With the improvement 
in the sensitivity and specificity of the serological and 
molecular tools, the diagnosis of HEV has become more 
reliable and the number of HEV infected cases become 
accurately estimated.18

In this study, we aimed to investigate HEV prevalence 
in AHUE (HEV diagnosis is not done in Egyptian hospi-
tals). The LFTs showed an elevation in liver enzymes and 
bilirubin. Routine laboratory analysis excluded the viral 
hepatotropic agents such as HAV, HBV, HCV, CMV, and 
EBV. Also, these samples were tested negative for auto-
immune hepatitis markers and the medical history 
excluded the possibility of DILI. We screened these 

samples for HEV markers; 10% (30/300) of these samples 
were showed reactivity to HEV markers and diagnosed 
with AHE infection according to the guidelines of 
EASL.17 There was no statistical difference between 
AHE patients and NHE patients in terms of age and sex. 
Similar findings were reported in previous studies con-
ducted on Egyptian cohorts in the same geographical 
area.34,39 In this study, the level of liver transaminases 
and the ratio of ALT/ALP (R-value) were significantly 
higher in AHE patients than NHE patients. Similarly, 
Wallace et al reported that the maximum ALT and ALT/ 
ALP ratio could discriminate between AHE infection and 
other, nonviral causes of liver dysfunction such as DILI, 
common bile duct stones, decompensated chronic liver 
disease, alcoholic liver disease, non-HEV viral hepatitis, 
autoimmune hepatitis, hepatitis of uncertain cause, 
ischemic hepatitis, etc. Also, Wallace et al recommended 
that patients with ALT higher than or equal to 300 IU/l 
should be tested for HEV and they reported that ALT/ALP 
ratio (R-value) was higher in AHE infection than other 
causes of liver dysfunction.40

In this study, anti-HEV IgM, HEV RNA, and anti-HEV 
IgG were detectable in 83%, 50%, and 43% of AHE 
samples. The higher prevalence of anti-HEV IgM over 
HEV RNA and anti-HEV IgG could be attributed to the 
time of sample collection, probably these samples were 
collected from the patients immediately after the onset of 
symptoms had appeared. During HEV infection, antibodies 
start to appear around the time of clinical onset, with IgM 
antibodies appearing first, followed by IgG antibodies. 
HEV RNA is detected in the blood and stool of the patient 
around 3 weeks post infection.17

In this study, 4/30 (13%) of AHE patients developed 
severe outcomes, while 26/30 (87%) of AHE cases were 
recovered. The level of liver transaminases and anti-HEV 
IgM were significantly higher in FHF patients than self- 
limited AHE patients at the acute phase of infection. Our 
results agreed with Saravanabalaji et al who reported that 
FHF patients had significantly higher anti-HEV IgM and 
IgG titers than recovered patients.41 HEV is not 
a hepatotoxic virus and the liver injury is mainly mediated 
by an immune response against the virus, this could 
explain the higher prevalence of anti-HEV antibodies in 
the blood of FHF patients.42 Future studies could ascertain 
this point. However, the prevalence of HEV RNA (50%) 
and the viral load were comparable in FHF patients and 
self-limited AHE patients. Suzuki et al detected HEV 
RNA in 17% (3/18) of fulminant hepatitis patients in 
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Japan.43 While Saravanabalaji et al reported that HEV 
RNA could be detected in 7.14% (1/14) of pregnant FHF 
patients with fatal outcomes, and the HEV RNA detection 
rate was higher in recovered patients (46%, 22/47). On the 
other hand, Kar et al reported that the prevalence and HEV 
RNA load were significantly higher in FHF pregnant 
patients than AVH pregnant women, and high HEV load 
during pregnancy was associated with severe outcomes.44 

Since HEV diagnosis is not routinely done in Assiut 
University Hospitals, we could not get access to the stool 
samples from HEV infected patients. Previous studies 
showed that the excretion of HEV particles in the stool 
is more than the blood of infected patients and in vivo 
animal models.26,45,46

In this study, 4 out of 30 (13%) AHE patients present as 
a fulminant hepatic failure (FHF). AHE infection contributed 
to 5–15% of acute liver failure (ALF) cases in developed 
counties.47,48 FHF patients were older than self-limited AHE 
patients. Similarly, previous reports showed that Age is 
a prognostic marker for AHE outcome and old patients had 
a higher risk of comorbidity when they were infected with 
HEV.11,49 Two of the FHF patients had a history of liver 
diseases. In a parallel line, Péron et al described seven 
patients with FHF in France, six of them had chronic or 
preexisting liver disease.11 The mortality rates in our study 
were 13%, which is higher than the known mortality rate of 
HEV (0.5% to 4%, and reaching up to 25% in pregnant 
women).3 Also, all FHF patients in this study died (100%). 
One explanation of the higher fatality rate in our study is that 
HEV is a neglected disease in Egypt; therefore, those patients 
only received supportive measures without specific antiviral 
therapy, ie RBV. RBV is the drug of choice in the treatment of 
autochthonous AHE infection and reduces the mortality rate 
in FHF cases.15

In this study, sequencing was done on six isolated 
viruses from AHE patients (2 FHF patients and 4 self- 
limited AHE patients). Phylogenetic analysis revealed that 
five viruses belong to HEV-1 and one isolate belong to 
HEV-3. Previous studies showed that HEV-1 is circulating 
in Egypt.35,50 Recently we reported HEV-3 in the cow and 
goat milk in Assiut rural communities.28,51,52 Interestingly, 
this patient (HEV-3 infected) was living in the same vil-
lage where HEV-3 identified in the cow milk and the 
diagnosis was done within the same period. The patient 
reported that he often consumed unpasteurized cow milk 
and its products. Also, most cases of FHF patients and 
self-limited AHE cases were living in villages and rural 
communities. Similarly, the reported risk factors 

associated with HEV transmission among Egyptians were 
poor sanitation, contamination of drinking water and resid-
ing in rural communities where living nearby and/or con-
tact with animals is very common.21,32–34

One limitation in this study, we screened HEV mar-
kers in samples that were tested negative for other hepa-
totropic viruses, autoimmune markers, and DILI. It is 
possible that HEV could be present in those excluded 
groups. Coinfection of HBV/HEV or HCV/HEV is com-
mon and could lead to more severe outcomes.53,54 In 
addition, many ALF cases were HEV related and pre-
viously misdiagnosed as DILI.55,56 Moreover, HEV was 
reported in patients diagnosed with autoimmune 
hepatitis.57 We believe that the actual prevalence of 
HEV infection and the mortality rate in Assiut 
University Hospitals are still underestimated. The esti-
mated prevalence of HEV in our study was lower than 
the prevalence reported in other countries in the Middle 
East.58 Also, the assay used in HEV detection could 
affect the prevalence rate since there is a variation in 
the performance, sensitivity, and specificity between dif-
ferent serological assays.59,60 Future studies should be 
done to estimate the actual prevalence of HEV in Egypt.

In conclusion, this study shows that AHE infection is 
common in Egypt. AHE patients may progress to FHF 
especially older patients with those with a history of 
liver diseases. HEV diagnosis and treatment become pivo-
tal in Egyptian hospitals to reduce the fatality rate asso-
ciated with AHE infection and they should be started 
urgently and promptly.
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