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Persistent Hepatitis E Virus Genotype 4 Infection in a Child With Acute
Lymphoblastic Leukemia
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Introduction: In general, the hepatitis E virus (HEV) causes acute, self-limiting hepatitis. Prolonged and chronic infections caused by HEV
genotype 3 have been found in some immunosuppressed patients in developed countries.

Case Presentation: Here we report a Chinese boy with acute lymphoblastic leukemia, who developed hepatitis E during a period of
intensive chemotherapy. Twenty months after the initial infection, HEV viremia was reappeared in the patient, with detectable anti-
HEV IgM and IgG and modestly elevated serum transaminases. Sequence analysis of the viral RNAs revealed the reactivation of the HEV
genotype 4d strain, indicating viral persistence in the patient.

Conclusions: To our knowledge, this is the first chronic case confirmed by the prolonged presence of HEVRNA in china. It is also the first
reported persistent hepatitis E infection caused by HEV genotype 4.
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1. Introduction chronic hepatitis E. Recent evidence suggests that about
50% of the cases of acute hepatitis E in immunocom-
promised patients progress to chronic hepatitis, with
rapid progression to cirrhosis (4). Chronic hepatitis E
cases have thus far been reported in France, Germany and
other European countries and Canada. However, these
chronic infections have all been caused by HEV genotype
3, which occurs as a zoonosis in these areas (1). In China,
there is a high frequency of HEV epidemics of acute infec-
tions, which occur at about 4% per year, as estimated by
the prevalence of anti-HEV IgM and the spontaneous rise
of anti-HEV IgG levels (5). HEV genotype 4 has been found
to be responsible for most hospitalized HEV cases in the
recent years (6). However, to date, no chronic hepatitis
E cases have been reported in China. Moreover, chronic
HEV infection has been described in immunosuppressed
adults, but rarely in children. Here, we report a persistent
infection by HEV genotype 4d in a Chinese boy with acute
lymphoblastic leukemia.

Hepatitis E virus (HEV) infection is a major cause of
acute hepatitis in developing countries, and is an emerg-
ing health problem in industrialized countries. HEV is
a non-enveloped virus with a single stranded, positive-
sense RNA genome, of approximately 7.2 kb. HEV belongs
to the genus Hepevirus of the family Hepeviridae, and
four genotypes have been recognized to infect humans
(1). HEV genotypes 1 and 2 are restricted to humans, and
are often associated with large outbreaks and epidemics
in developing countries with poor sanitation conditions,
whereas HEV genotypes 3 and 4 infect humans, pigs and
several other mammalian species, and are responsible
for sporadic cases of hepatitis E in both developing and
developed countries (1).

HEV infection is generally asymptomatic and most
commonly manifests as a self-limiting, acute hepatitis in
immunocompetent individuals (2). Chronic hepatitis E
in immunosuppressed persons has been reported since
2008 (3). Patients with hematological disorders, HIV in-
fection, or undergoing immunosuppressive therapy af-
ter solid organ transplantation, are at risk of developing A four-year-old boy was diagnosed with acute lympho-

2. Case Presentation

Implication for health policy/practice/research/medical education:

Here we report a case of a Chinese boy with acute lymphoblastic leukemia, who developed hepatitis E during a period of intensive chemotherapy. Twenty
months after the initial infection, hepatitis E virus (HEV) viremia was reappeared in the patient, with detectable anti-HEV IgM and IgG and modestly
elevated serum transaminases. Sequence analysis of the viral RNAs revealed the reactivation of the HEV genotype 4d strain, indicating viral persistence
in the patient.
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blastic leukemia in February 2011. Thereafter, he received
a scheduled chemotherapy plan of 2 - 2.5 years. After
cycles of chemotherapy, he received erythrocytes, plate-
lets and fresh blood, due to chemotherapy-induced cyto-
penia. In early August, the boy complained of anorexia,
nausea, and fatigue. Elevated levels of transaminases
were detected in his serum. Serological tests for hepatitis
A, B, C, and CMV had negative findings, whereas anti-HEV
IgM was found to have positive results (Table 1). At admis-
sion on the 8th October, his serum values were as fol-
lows; alanine aminotransferase (ALT) 540 U/L (normal: <
45), aspartate aminotransferase (AST) 259 U/L (normal: <
50), total bilirubinemia (TBIL) 27.6umol/L (normal: <17.5
umol/L), alkaline phosphatase (ALP) 157 U/L (normal: 45 -
135), c-glutamyltransferase (GGT) 97 U[L (normal: 10 - 47).
Anti-HEV IgM anti-HEV IgG had positive results, but both
were at low levels in terms of the ELSIA OD values of 0.27
and 0.22, respectively. HEVRNA was detected in the serum
using RT-nested PCR. The HEV genotype was determined
to be 4d by sequencing and analyzing the PCR amplicon
(GenBank accession number: KF691589) (Figure 1). Physi-
cal examination at diagnosis of the HEV infection had
normal findings, no jaundice or hepatosplenomegaly
was observed. Color Doppler Ultrasound showed that the
liver was normal in size and structure. However, when
the patient insisted on leaving on November 10th for the
following scheduled chemotherapy, HEV RNA in the se-
rum had negative results, but the transaminases did not
normalize; ALT 118 U[L, AST 94U/|L, ACP 190 U[L, GGT 97 U|L.

In May 2013, twenty months later, the patient returned
to our hospital for the treatment of hepatitis, after com-
pleting the latest intensive chemotherapy. Pathological
values were obtained as follows; ALT 523 U|L, AST 822 U|L,
ALP 527 U[L, GGT 352 U[L serum albumin (ALB) 36.2 gL
(normal: 37-53 g[L), and TBIL 29.7 umol/L. Anti-HEV IgM

and IgG had positive results in the serum, and HEV RNA
was also positive, with high levels up to 3.6 x 106 Geq/mL.
The liver was still normal in size and structure by Color
Doppler Ultrasound detection. The sequence of the 304
bp amplicon in the HEV ORF2 region was identical to that
of the isolate obtained in 2011. It was most likely as a per-
sistent HEV infection. Two months later, the HEV RNA lev-
els had decreased in the serum to below detection limits,
while the ALT level was still out of the normal range and
anti-HEV IgM remained positive (Table 1).

3. Conclusions

The six-year-old boy described here, experienced pro-
longed HEV persistence for at least twenty months, with
a modest elevation of transaminases during chemother-
apy for acute lymphocytic leukemia. The identical viral
sequences amplified from the patient at the two time
points indicated the reactivation of endogenous HEV, but
not re-infection. Chronic infection with hepatitis E virus
has been reported in immunocompromised patients,
including several patients with leukemia. Recurrence of
HEV viremia was reported in an adult patient with leu-
kemia after his acceptance for allogeneic stem cell trans-
plantation, suggesting incomplete virus elimination due
to immune deficiency (7). Chronic HEV infections have
also been found in children with leukemia (8). HEV RNA
was detected over 29 weeks in a 12-year-old boy present-
ing with early medullar relapse of lymphoblastic leuke-
mia (9). The evolution of an HEV infection to chronic form
seems to be related at least in part, to the intensity of the
immunosuppressive therapy used. Indeed, reducing the
dose of immunosuppressant given to patients can lead to
the clearance of the virus (10). The case reported here is
alsoin accordance with the earlier reports that chronic

Table 1. Transaminases and Markers of HEV Infection in the Patient

Serum Collection Date ALT3,U/L AST?,U/L Anti-HEV @ IgM Anti-HEV IgG HEV-RNA, Geq/mL
2011-08-02 P 376 146 Yes 2 No? NA?
2011-08-10 P 241 150 Yes No NA
2011-09-14 585 263 Yes No NA
2011-09-21° 166 60 NA NA NA
2011-10-08 540 259 Yes Yes 3.2x102
20111013 331 135 NA NA NA
201110-26 128 95 Yes Yes 3.2x102
2011-11-10 118 94 Yes Yes No
2013-0511° 184 82 Yes Yes NA
2013-05-21 523 822 Yes Yes 3.5x10°
2013-06-04 156 117 Yes Yes 11x104
2013-07-20 121 84 Yes Yes No

2 Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; HEV, hepatitis E virus, NA, not available; No, negative; Yes, positive.
The data was extracted from the clinical records transferred with the patient from another hospital.
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Figure 1. Phylogenetic Tree Constructed Based on Partial ORF2 Nucleo-
tide Sequences (304 nt) by the Neighbor Joining Method Using MEGA 5.2
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Statistical confidence for the tree was assessed by bootstrap analysis
(the search option was 500 replications); bootstrap values greater than
85 were shown. The scale bar indicating the number of character state
changes is proportional to the genetic distance. Database derived se-
quences are denoted by their GenBank accession numbers. The HEV
isolate BDJ1 (GenBank accession number, KF691589) from this study is
indicated by a thick line.

hepatitis E was associated with immunosuppression. Im-
munodeficiency due to both leukemia and long periods
of chemotherapy exposed the boy at risk of a persistent
HEV infection.

Chronic hepatitis E cases in immunocompromised pa-
tients have also been reported in both European coun-
tries and Canada. Such chronic infections have all been
related to HEV genotype 3, which is prevalent in these ar-
eas. HEV is endemic in China, where HEV infection rates
are generally higher than those reported in developed
countries. In addition, the dominant HEV strains isolated
in the recent years from sporadic human cases and pigs
were genotype 4 (5, 11). However, until recently, no chron-
ic hepatitis case was reported in China and no chronic
case caused by genotype 4 has been reported in any other
area. Phylogenetic analysis showed that the HEV strain
detected from this patient belonged to subgenotype 4d.
To our knowledge, this is the first case of a persistent hep-
atitis E infection caused by HEV genotype 4 and the first
chronic case in China confirmed by the prolonged pres-
ence of HEV RNA. Since specific antibodies against the
infected viruses may be absent or produced with delay in
immunocompromised patients, serologic testing for the
diagnosis of HEV infection is likely to be unreliable in this
context, thus PCR-based detection of hepatitis E viral RNA
is essential to make the diagnosis. Currently, clinical di-
agnosis of hepatitis E is primarily based on anti-HEV IgM
detection in most hospitals. Therefore, chronic hepatitis
E infection may be overlooked and misdiagnosed in cases
where drug-induced liver injury is common in patients
receiving chemotherapy or antiviral therapy. The preva-
lence of persistent hepatitis E infections in China and the
effects of chronic hepatitis E in immunocompromised
patients should be investigated.
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The HEV genotype 4d strain detected in this patient
showed high similarities with the genotype 4d strains
isolated from humans and pigs in China, for instance
the nucleotide similarities to the human strain GS-NJ-10
and swine strain HB-SB (GenBank accession Numbers:
JF309217 and FJ461765) were 98.4% and 97%, respectively.
However, the virus origin was difficult to clarify. The
patient was in hospital for several months before the
first HEV infection, thus, it is unlikely that he had been
infected with HEV through direct contact with animals.
The possibility of transmission via contaminated blood
products could not be excluded, because the patient had
received blood transfusions and blood products during
the chemotherapy. In China, HEV-contaminated blood
donations are a challenge for transfusion viral safety,
since neither HEV antibodies nor HEV RNA are systemati-
cally tested in blood donors, and blood donations are cur-
rently not tested for ALT. Conversely, consumption of con-
taminated pork cannot be excluded completely in this
patient, because pork is commonly consumed in China.

Acknowledgements

The authors have nothing to declare.

Authors’ Contribution

YCW designed the study; HXZ, WJH, KJG and YSG tested
the samples; YCW, YSG, ZL and TJH wrote the manuscript.

Financial Disclosure

The authors declared that there was no financial disclo-
sure.

Funding/support

This article was supported by the National Natural
Science Foundation of China (grant: 81171549) and the
Natural Science Foundation of Hebei Province, China
(grant: H2013201066).

References

1. Meng X]. Hepatitis E virus: animal reservoirs and zoonotic risk.
Vet Microbiol. 2010;140(3-4):256-65.

2. Aggarwal R, Jameel S. Hepatitis E. Hepatology. 2011;54(6):2218-26.

3. Kamar N, Selves ], Mansuy JM, Ouezzani L, Peron JM, Guitard J, et
al. Hepatitis E virus and chronic hepatitis in organ-transplant re-
cipients. N Engl ] Med. 2008;358(8):811-7.

4. deNietA, Zaaijer HL, ten Berge I, Weegink CJ, Reesink HW, Beuers
U. Chronic hepatitis E after solid organ transplantation. Neth |
Med. 2012;70(6):261-6.

5. GuoQS,Yan Q, Xiong JH, Ge SX, Shih JW, Ng MH, et al. Prevalence
of hepatitis E virus in Chinese blood donors. J Clin Microbiol.
2010;48(1):317-8.

6. LiuP LiL, WangL, Bu Q, Fu H, Han ], et al. Phylogenetic analysis
of 626 hepatitis E virus (HEV) isolates from humans and animals
in China (1986-2011) showing genotype diversity and zoonotic
transmission. Infect Genet Evol. 2012;12(2):428-34.

7. le Coutre P,Meisel H, Hofmann ], Rocken C, Vuong GL, Neuburger
S, et al. Reactivation of hepatitis E infection in a patient with
acute lymphoblastic leukaemia after allogeneic stem cell trans-



GengYetal

plantation. Gut. 2009;58(5):699-702. 10.

Motte A, Roquelaure B, Galambrun C, Bernard F, Zandotti C, Col-
son P. Hepatitis E in three immunocompromized children in
southeastern France. ] Clin Virol. 2012;53(2):162-6.

Halac U, Beland K, Lapierre P, Patey N, Ward P, Brassard J, et al. Cir- 11.

rhosis due to chronic hepatitis E infection in a child post-bone
marrow transplant. | Pediatr. 2012;160(5):871-4 el.

Kamar N, Abravanel F, Selves |, Garrouste C, Esposito L, Lavays-
siere L, et al. Influence of immunosuppressive therapy on the
natural history of genotype 3 hepatitis-E virus infection after or-
gan transplantation. Transplantation. 2010;89(3):353-60.

Zhu YM, Dong §J, Si FS, Yu RS, Li Z, Yu XM, et al. Swine and hu-
man hepatitis E virus (HEV) infection in China. J Clin Virol.
2011;52(2):155-7.

Hepat Mon. 2013;14(1):e15618



