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Short Report: Occupational Exposure to Hepatitis E Virus (HEV) in Swine Workers
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Abstract.

The aim of this work was to study the prevalence of hepatitis E virus (HEV) and the risk factors for the .

acquisition of the virus in a population in contact with swine and unexposed to swine. A total of 198 individuals, 97
unexposed (49%) and 101 exposed (51%) to swine, were tested for the presence of HEV infection. The prevalence of
anti-HEV IgG-in the exposed group was 18.8% versus 4.1% in the unexposed to swine group. People exposed-to swine -
" were observed to-be 5.4'times (P = 0.03) at risk of having anti-HEV IgG. Ten (52. 6%) of the IgG-positive individuals .
showed twe concomitant risk factors: untreated water consumptxon and exposure to swine. These data support that HEV
infection should .be - treated as a vocational illness.in swine workers. Therefore, systematrc application of hyglene s

measures in this eollectwe is hrghly recommended to avoid the exposmon to this virus.

Hepatms E virus: (HEV) is the main causative: agent of
enterically transmitted non-A . non-B hepatitis and self-
limiting cllmcal presentation in humans.! It is a non:

enveloped v1ru§ with-a’ posrtlve-sense smgle~stranded RNA;_

: genome of - ~7;200 nucleotides in length and contains three
open reading frames (ORFs) Nowadays, HEV is classified
into the famxly Hepeviridae, genus Hepévzrus Regardmg the
phylogeny, HEV has been divided into. four genotypes;? al-
.though only one’ ‘sefotype of - HEV i is: recogmzed 3 Transmis-
;- .sion of HEV infection primarily: Gecurs through contaminated

’because of .poo] ' condmons in drmkmg water.* The

" mortality.rate ¢ hepatxtxs Einthe normal‘population is gen-

erally <1%, butiit can’ be as hlgh as 20-25% among pregnant
_ women :

and 97 (49%) womer, were included in this. study to dett
the prevalence of HEV. Participants ﬁlle’d out an eprde n
logic questionnaire i mcludmg name, dge,’area of residen

' .'vegetables raw shellfish, and untreated: water. Informed- ap-\

-~ viduals in¢luded in the E group were made up of swing farm
person. . to- person tran§nuss10n and sexual -

L transmlssron odtur;infrequently. - :
Hepatms ‘E has beer oonsldered an mfectlous endemrc in -
-such-as. India, Africa, and Southeast Asxa _

" In mdustnahied countnes HEV has been found mamly in

mdlviduals who: had traveled to ehdemxc zones. Actually, the =~ .

increasing: number of autochthonous cases of hepatitis E>and
the recent ﬁndmgs of HEV in domestlc animals such as swine

.. give rise to the suspicion that HEV is underdetected in idio--

.+ pathic nop-A’ non-B. hepatltls. Therefore the transmission .
~ - pathways from animals. to humans remiain obscure. However; . - -
‘in devéloped countries, seroprevalence ranges varying from

.1-18% have been reponed In tlre last years, several studies

- have been published descnbmg differences in the prevalenice
of anti-HEV antibodiés betwéen people eXposed and not ex- "~
posed to swine,®*2 but the risk factors for. the acquxsrtron of -

o ’the virus have not been studied.':

" Accordingly, the aim of this’ work was to study the preva- -

lence of HEV and the risk factors for the ‘acquisition of the
-virus in healthy Spamsh people dxstnbuted in exposed and

" unexposed to swine groups: . :
A retrospective study was 'camed ut to determme the

- prevalence of HEV durmg the penodrﬁ'om October 2004 to - A
) facturer as 92% and 88%, respectnvely Posmve results ob-* -

July 2007 in ‘Spain, - . :
A total number of 198 he thy d

als 101 (51%) men :
‘ : L unmunoblot test (Recomblot HEVIgG/[gM Mikrogen Mar-,
- tinsried; Germarny). Antigens used in this: kit weré. the N-.

' group was: made up of volunteers wrth ¢ contact wrth swine. :

‘transcnptase—nested polymdrase chal
These pnmers were based on-18 human HEV sequences andf
the swine HEV prototype strain from the United $tates. A:
- positive control from a naturally infected-pig (GenBank ac-’
cession number AY323506) was included in éach prcceduie. o
" Different stages of assay were performed in different places
" to ‘ayoid the posslblhty of. eross«:ontammatlon The PCR; ‘
_products were’ separated by, electroplioresis. in:2%: agarose. ..

proval was obtained from all participants. Indxvxduals were:
divided into two separate groups taking into consxderatr n

exposition to swine: 97 unexposed (NE 27 mern and_
women) and 101 exposed (E; 74 mén and, 27 women) I

ers,.pig handlers, and swine vetennanans, wheréas the N

and were detectéd by staJmng with ethidium bronude

* Sera from all. mdnviduals were . tested for the presence of
HEV antibodies (antl HEV IgG and; IgM) using a commer—;
cial ELISA" (Fortress Dragnostxes Antnm UK) accordmg to’

travel abroad, exposure to swine, arid consumption’ of raw

reaction (PCR). 4

- ‘the manufacturer ] mstructxons This kit used polystyrene mi- .-

* Address correspondence to M: T, Péiez-Gracia, Departamento de .~

Atencrén Sanitaria, Salud Pubhea 'y Sanidad Agimal, Facultad de
Ciencias Expenmentales Y ‘de 1a Salud, Universidad CEU Cardenal
- Hetrera, Avenida Séminario- sln 461l
E.-mall tcresa@uch cetke:
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‘crowell strips precoated thh recombinant HEV.. antxgens-
(HEV-Ag) oorrespondmg 10 structural proteins ORF2, de-
-rived from genotype1. “The sensmvrty and specificity of the:

ELISA: assay usein “this study were determined by the manu-; - .

tained uSmg this ‘assay-were confirmed by meafis of an HEV.: -

terminal part ‘of the ‘capsid antigen (GST fusion: protein

O2N, 50 kd), the C-terminal part of the capsid antigen (tfiple .
band; O2C 38-41-kd), the middle part of the capsid antigen: -
-(O2M; 28 kd), and the ORF3 protem (03 15 kd) bf geno—tf .

typesland2 )
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Liver function tests, including transaminase levels (aspar-
tate aminotransferase [ALT] and alanine aminotransferase
[AST}) in serum were deteérmined using a Thermo Spectronic
spectrophotometer (Helios, Barcelona, Spain).

To determine the correlation between the data obtamed
from the questionnaire and the laboratory results, odds ratios
(ORs) and their corresponding 95% confidence intervals
(Cls) were calculated using binary logistic regression analysis
by means of SPSS version 15.0 statistical software. For the
statistical comparison of the seroprevalence obtained in the E
and NE groups, the Pearson et test and Student ¢ test were
applied.

All individuals tested negatlve for the presence of HEV
RNA: in serum. The overall prevalence of anti-HEV IgG con-

firmed by immunoblotting was 11.6% (23/198). The sero- |

prevalence of anti- HEV IgG in the E group and in NE group
was 18.8% (19/101) and 4.1% (4/97), respectively (Table 1).
Values of transaminase enzymes.were located within the
normal range (ALT: men < 45.1U/L, women < 36 TU/L; AST:
< 34 IU/L for men'and women) i in"all individuals. No signif-
icant differences in the levels of. transammases were observed
between the anti-HEV IgG-positive, group (ALT: 22 + 14;
AST: 12 % 7.5) and the anti-HEV IgG-negative group (ALT:
15 + 12.2; AST: 11 + 6.8). The ‘statistical analysis showed a
significant association (P - < 005) between the presence of
anti-HEV IgG and the consumption of untreated water with
an OR value of 5.6 (P = 0: 01), Additionally, people exposed
to swine were observed-to'be 5.4 times (P. = 0.03) at risk of
having anti-HEV 1gG antibodiés. Ten (52.6%) of the IgG-
_posmve mdxvnduals showed two .concomitant risk factors:
untreated -water consumption and exposure to . swine. The
x* goodness-of-fit test showed: a .good fit with-the observed
and expected frequencies in the-E and NE groups OF = 104,
P = 0.01) and consumption of untreated water OF = 129,
=.0.01). No significant dxﬁerences were observed between
the rest of the study parameters,
This is the first study in Spam reporting the prevalence of
IgG anti-HEV- antibodies in swine workers (18.8%) and in

people unexposed to swine (4.1%). The increased risk (54
times at risk) of having IgG anti-HEV observed in swine
workers in this work is not surpnsmg, taking into account the
high number of farms (76%) and pigs (23%) testing positive
for HEV RNA in the same area.'* This datum is higher than
the OR (1.46) reported by Meng and others® in 2002 in the
only study that calculated the risk for a veterinarian to be
positive for IgG anti-HEV. The fact that the values of trans-
aminases were similar between positive and negative indi-
viduals suggests that HEV might be responsible for subclini-
cal infections, because none of the participants reported any
past clinical signs of acute hepatitis. The factors triggering the
development of an acute or a subclinical hepatitis E infection
remain obscure in industrialized countries. Some authors
point to several contnbutmg factors such as age,!’ pre-
existing hepatopathy,'6 and the genotype of the strain.! ]

It has been reported for autochthonous hepatitis E in de-
veloped regions that swine isolates from genotype 3 are more
related to human strains from the same geographic region
than to swine strains from different areas. Moreover, HEV
strains cxrculatmg in Spanish swine farms are highly homolo-
gous with Spanish human strains, which raises the possibility -
of HEV transmission from swine to humans.# HEV has been
suggested to.be a zoonotic infection where pigs play an im-
portant role in the spreadmg of the diséase. HEV i is capable
of crossing the species barrier, as has beein shown by means.of
experimental infections in pigs with a human HEV strain and
in non-human primates with a swine HEV strain !,

The results obtained in this study support.the link between
the presence of anti-HEV antibodies and direct. contact with
swine, as reported by several authors. Thus, in the United
States,* significant prevalences between veterinarians work-
ing with swine (26% and 10.9%, respectively) and unexposed
people (18% and 2.4%, respectively) were reported. Similar
results were described in The Netherlands, Moldova, and Tai-
wan,®'° with values for those eXposed to swine of 11%, 51%,
and 27% versus 2%, 24.7%, and 2.4%, respectively. In con-
trast, studies in Swedenu found no significant differences be-

: TABLE 1
Charactenstlcs and nsk factors of the studied populatxon according to the presence or absenoe of anti-HEV IgG
. At-HEYV IgG positive Ant-HEV IgG negative P OR 95% C1
©Sex o S o ' o : ;
“ Male o o 21 (208%) 80 (79.2%) o 10.01 0.08 003
Female- o e 2(2%) 95 (97.9%) : :
Age (years) '382+104 26 + 9.0
ALT 2+14 15+ 122
AST - - B : 12+75 11+68 =
~ RNA-HEV ‘ o ! 0 (0%) 0(0%)
Consume raw vegetables S o ’ .
" No S L 2(14%) 25 (92.6%) 0.46 1.75 0.3-7.9 .
Yes ) ) o 21.(12.3%) 150 (87.7%) : .
Consumie raw shellfish - - SR :
No . “ 23 (11.6%) 175 (88.4%) 0 0 0
Yes UL 0 (0%) 0 (0%)
Consuine untreated water ' ' T ! .
No - . Cl T 13 (T8%) 154 (92.2%) 0.01 5.6 12.2-14.5
" Yes S 10(322%) - 21(67.8%) )
Travel abroad B T oo e : : i :
- . No . ) 18(132%) 118 (86.8%) - <029 0.6 0.2-1.6
7 Yes = . S T 5(8%) 57 (92%)
Exposure to swine =~ .7 i o v , v
coNeo S e 4 (41%) 93(95.9%) . 0.03 54 1.7-16.5
Yes © © - i T 19(18.8%) 82(81.2%) o ‘
OR = odds ratio; CI = confidence interval; ALT = slanine ami fe AST = inc fe

71
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tween those exposed (13%) and unexposed to swine (9.3%),
and in Italy,'” prevalences of 3.3% in swine farmers and 2.9%
in people without occupational exposure to swine were re-
ported. The high variation among the prevalences described

above might be caused by differences in sample size, country

of origin, and the diagnostic assay used..In this context, it has
been described that there are significant sensitivity variations
in developed countries depending on the type of ELISA kit

used, as well as immunobloftting confirmation of the ELISA-"

positive samples. The data obtained ,byb"Herremans' and oth-

ers® in 2007 suggest that there are few differences in’ the’

sensitivity of ELISAs based in' genotype 1 or 3 antigens.

‘Therefore, the number of false negatrves in the healthy popu- -
lation is expected to be low. In our study, to minimize the’
possibility of false positives and yxeld more accuraie preva-
lence results, positive samples were confirmed by means of an

immunoblot assay (Recomblot HEV Mxkrogen)

Regarding other risk factors' studied in ‘this work an el- '

evated prevalence (32 2%) and risk (OR ='56) in people
"~ who reported consumption’ of untreated ‘water from water

fountains in the countryside was recorded. The. relatxoushtp‘

between untreated water consumptron ‘and exposure to swine

" in swine workers is not surprising. because the farms are. lo-
cated in the countrysrde where untreated water fountams are
MNUMerous. Addmonally, lt is very cornmon among farmers to .
fertilizé cultivated: fields with’ manure -fromni swine -farms,. .
which could infiltrate down through- the ground ‘contaminat--
ing subterranean ‘water and’ reachmg to the water fountains. _
However, this~ hypothesrs needs to-be conﬁrmed by further_‘ S

" studies detectmg HEV in water fountams

The seroprevalence observed i ‘other mdustnahzed coun-'
tries such as the United Kirigdom,'®" Ttaly,® France,” New

‘ Zealand,> and: Brazil 2* with 6.3%, 2.6%; 3.2%, 4%, and

2.3%, respectlvely, was ]ower ‘than the vahxe reported inour’
study. The overall. percentage ‘found' in this" study (11 6%)

is also higher than'the one. observed by Mateos and others®*

(2.8%) and the rate obtained by Buti and others (7:3%) in.

a normal ‘Spanish population. These cannot be properly com- '

pared with the data obtained in this study because of the high

number of exposed people (50%). These high prevalences
“suggest that autochthonous HEV is circuliting in Spain, . - v

" and the infection is, underdiagnosed.. Although. transfusion- .. .: -

transmitted HEV is probably much too rare to sustain HEV .-

transmission, it should be taken ‘into account that HEV is

spread through uncertain routes, and the potential risk of :-
transfusion-transmitted HEV 1nfect10n should be’ consrd— o

ered.”’

In conclusion, this is the first study in Spain reportmg a hlgh -

prevalence of IgG anti-HEV antibodies in swine workers.
These data support that HEV infection should be treated as a

vocational illness in swine workers. Therefore, systematic ap-;"
plication of hygiene measures in this group is hxghly recom- -

“mended to avord the exposmon to thrs virus.

- 2008.

Financial support: This pro;ect was supported by UCH CEU
(PRUCH 06/21), EVES (053/2005) and Generahtat Valencmna, .

(GV05/132).

Authors’ addresses: Carohna Gahana, Saleeda Femandez-Barredo K
Angel Garcfa, Marfa Teresa Goémez, and Maria Teresa Pérez-Graaa,‘ . )
Area Mlcrobnolog_ia, Facultad deVCienaas Expenmentales»y d_e la.. - 7'

9. '.Drobemuc.l Favorov MO, Shapr

R°°°"’°.d_°?‘°be' 16, 2001. A°°°p'°d for P“""ca“"“ Ja‘“’“’ 3 ' 16. Petcz-Gracia MT, Mateos ML, Galiana C, Fernéndez-BarredoSS,

Salud, Universidad CEU Cardenal Herrera, Avenida Semmano s/n
46113, Moncada, Valencia, Spam

REFERENCES

1. Perez-Gracia MT, Rodriguez-Iglesias M, 2003. [Hepatitis E virus:
current status).-Med Clin (Barc) 121:787-792.

2. Schlauder GG, Dawson GJ, Erker JC, Kwo PY, Knigge MF,
Smaliey DL, Rosenblatt JE, Desai SM, Mushahwar 1K, 1998.
The sequence and phylogenetic analysis of a novel hepatitis E
virus isolated from a patient with acute hepatms reported in
the United States. J Gen Virol 79: 447-456.

" 3. Meng XJ, Halbur PG, Shapiro MS, Govmdarajan S, Bruna JD,

Mushahwar IK, Purcell RH, Emerson SU, 1998. Genetic and
experimental evidence for cross-species infection by swine -
hepatitis E virus. J Virol 72: 9714-9721.
4. Aggarwal R, l(rawczynskr K, 2000. Hepatitis E: an ovemcw and
. recent-advances in clinical and Iaboratory research. J Ga.mo—
* .. enterol Hepatol 15: 9-20. . .- .
5. Perez-Gracia MT, Garaa-Valdma MS, Galan F, Rodnguez-
Iglesras ‘MA, 2004. Detection of ‘hepatitis_ E virus m panents
-sera in soutliern Spain. Acta’ Virol 48:197-200, .
6. MengXJ; Wiseman B; Elvinget F, Guenette DK, Toth TE, Engle

RE, Emerson SU, Purcell RH; 2002. Prevalence of antibodies .-

. to hepatitis E virus in veterinarians workmg with swine and in
N normal blood donors in the Umted States and’ other eountnes
*. J-Clin Microbiol 40:.117-122.. :
7. Withers MR; Corréa MT, MorrowM StebbmsME SenwatanaJ :
: Webster WD Boak MB; Vluglm DWW, 2002. Antibody levels '
to hepatms ‘E virus in ‘North' Carolina_swine ‘workers; non-
. swine: workers, swme, and munds Am 7 T rop Med Hyg 66; .
L 1384-388.°
8. Bouwknegt M Engel B, Herremans MM, WIddOWSOIl MA,
i Werm HC;:Koopmans:MP; Frankena K, :Husman AM, De
g ong; MC, Der.Poel WH; 2007. Bayesian éstimation of  hepatitis
‘E virus seroprevalenee for populations with different. exposure -
‘levels to swine in The Netherlands. Epuieml { Infect 136: 110,
Bell BP, Mast EE, Dadu-
A, Culver D, larovoi P, Robettson’ BH, Margolis HS; 2001."
- Hepatitis:E ' virus -anitibody prevalence amcmg persons who
. work -with-swine. J Infect Dis 184.1594-1597, = ..~ :

10. Hsich SY; Meng XJ, Wu- YH, Liu, ST; Tam:AW; Lin DY, Llaw_

YF, 1999. Identity of a novel swine hepatitis E virus in- Taiwan.
" forming a monophyletlc group with Tatwan ‘isolates of human
hepatitis E virus. J Clin Microbiol $7:3828-3834. TR
11.. Olsen B, Axelsson-Olsson D, Theliti A, Weiland O, 2006 Unex~
_pected high prevalence of 1gG-antibodies-to hepatitis E virus -
in Swedish plg farmers and controls. Scand J Infect Dis 38:
- 55-58.
12. Vulcano A, Angeluocl M, Candelori E, Marttm V., Patti AM,
' 2007.'HEV prevalence in the. .general population and among
. -worKets at zoonotic risk in Latium Region. Ann Ig 19: 181-186:
Huang FF, Hagshenas'G, Guenette DK, Halbur PG, Schommer
. SK, Pierson FW, Toth TE, Meng XJ, 2002. Detection by re-
verse transcnptlon-PCR and. genetn: characterization .of field
isolates of swine hepatitis E virus from pigs in different geo-
graphic regxous of the United States J Clin Microbiol 40: 1326—
1332.
14. Fernandez-Barredo S, Galiana C Garcxa A, Vega§, Gomez MT
- Perez-Gracia MT, 2006. Detection of hepatitis E virus shed-
ding in feces of pigs at different stages. of production using
reverse transcription-polymerase chain reaction. J Vet Diagn
Invest 18: 462-465.
15. Amon 11, Drobeniuc J, Bower WA Magana IC, Eseobedo MA,
. Williams IT, Bell BP, Armstrong GL, 2006. Locally acquired
hepatitis E. virus mfectxon, El Paso Texas I Med VzroI 78:
741-746. :

Garcia A, Goméz MT, Moreira V, 2007. Autochthonous hepa-
" titis E infection in a slaughterhouse worker Am J. Trop ‘Med
- Hyg 77: 893-896..

) 17..‘ MIZUO H, Yazaki Y Sugawara K, Tsuda F Takahashi M, Nish-.

“izawa T, ‘Okamoto H, 2005. Possible risk factors for the trans-
mission of hepatitis E virus and for the severe form of hepatitis
"E aequrred locally in Hokkmdo, Japan J Med Viral 76: 341~
349 . .

72




OCCUPATIONAL EXPOSURE TO HEV IN SWINE WORKERS 1015

18. Fernandez-Barredo S, Galiana C, Garcia A, Gomez-Munoz MT, s
Vega S, Rodriguez-Iglesias MA, Perez-Gracia MT, 2007.
Prevalence and genetic characterization of hepatitis E virus in
paired samples of feces and serum from naturally infected pigs.
Can J Vet Res 71: 236-240. -

19. Dalton HR, Thurairajah PH, Fellows HJ, Hussaini HS, Mitchell
J, Bendall R, Banks M, ljaz S, Teo CG, Levine DF, 2007.
Autochthonous hepatitis E in southwest England. J Viral
Hepat 14: 304-309.

20. Herremans M, Bakker J, Duizer E, Vennema H, Koopmans MP,
2007. Use of serological assays for diagnosis of hepatitis E virus
genotype 1 and 3 infections in a setting of low endemicity. Clin
Vaccine Immunol 14: 562-568. )

21. Gessoni G, Manoni F, 1996. Hepatitis E virus infection in north-
cast Italy: serological study in the open population and groups
at risk. J Viral Hepat 3: 197-202.

22. Boutrouille A, Bakkali-Kassimi L, Cruciere C, Pavio N, 2007.
Prevalence of anti-hepatitis E virus antibodies in French blood
donors. J Clin Microbiot 45: 2009-2010.

73

23. Dalton HR, Fellows HJ, Gane EJ, Wong P, Gerred S, Schroeder
B, Croxson MC, Garkavenko O, 2007. Hepatitis E in New
Zealand. J Gastroenterol Hepatol 22: 1236-1240,

24. Bortoliero AL, Bonametti AM, Morimoto HK, Matsuo T,
Reiche EM, 2006. Seroprevalence for hepatitis E virus (HEV)
infection among volunteer blood donors of the Regional Blood
Bank of Londrina, State of Parana, Brazil. Rev fnst Med Trop
Sao Paulo 48: 87-92.

25. Mateos ML, Camarero C, Lasa E, Teruel IL, Mir N, Baquero F,
1998. Hepatitis E virus: relevance in blood donors and other
risk groups. Vox Sang 75: 267-269.

26. Buti M, Dominguez A, Plans P, Jardi R, Schaper M, Espunes J,
Cardenosa N, Rodriguez-Frias F, Esteban R, Plasencia A,
Salleras. L, 2006. Community-based seroepidemiological sur-
vey of hepatitis E virus infection in Catalonia, Spain. Clin Vac-
cine Immunol 13: 1328-1332.

27. Boxall E, Herborn A, Kochethu G, Pratt G, Adams D, ljaz S, Teo
CG, 2006. Transfusion-transmitted hepatitis E in a ‘nonhyper-
endemic’ country. Transfusion Med 16: 79-83.



74

sy
te -




SL

BRSNS 2 ~ 1

EXG DIRHE BELSE

BAES - REEY HEH E—H®AFH HEERENKS Y YR
— AR R <M /MR NRE
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HEV O®lERO U X 73BN ERDNSD, CHE CIIFRTEICB W b OB MEED BV BRRA R E S 1 FERLOIEREHKR-
TED., FEREmAEO HEV BEEEAE S N T B HIT/8 0, TNMWBEERE

LA E R A

4B, FRERMtMEOBRREEIHEIN -BYIOEATH S, BYELARERESEN L T HEV IcmE L4t
MEMNS OEBIMERIZE> TEIERZ IN-AME BITFROER 25T 2,

HEV IZHERE N T W f/MRAS, Mg HEV ~—H—RHED 64 OB RABRIERSF LU D NBEZ IR M X
N7z, WIME 3 AMOFREEMEIIER TH o720 K22 BBICALT EA—@HEIZ 67 1U/L ETERL. fiE+
ICHEV AR, B ERIFFREBEI I N, BRERS>-ftME 3 Emo® | » BiicEk 12 8 E8RL 2
RS TTHDIFBRBREERRTEBY, MY > IO HEV v —h—%RELEEZS, 1381F 7 HICH
HEV Fitk 3 & 7=,

INETOARICBITLEMD E MHFKEFIEBMESLR FERERENLTELEIEE2TRLTHEY. BiF
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A case of transfusion-transmitted hepatitis E caused by blood
from a donor infected with hepatitis E virus via zoonotic
food-borne route

Keiji Matsubayashi, Jong-Hon Kang, Hidekatsu Sakata, Kazuaki Takahashi, Motohiro Shindo,
Masaru Kato, Shinichiro Sato, Toshiaki Kato, Hiroyuki Nishimori, Kunihiko Tsuji,
Hiroyuki Maguchi, Jun-ichi Yoshida, Hiroshi Maekubo, Shunji Mishiro, and Hisami Ikeda

BACKGROUND: Five cases of transfusion transmission
of hepatitis E virus (HEV) have been reported so far.
The infection routes of the causative donors remain
unclear, however. Also, the progress of virus markers

in the entire course of HEV infection has not been well
documented.

STUDY DESIGN AND METHODS: Nucleic acid testing
was performed by real-fime reverse transcription—
polymerase chain reaction targeting the open reading
frame 2 region of HEV. Full-length nucleotide
sequences of HEV RNA were detected by direct
sequencing.

RESULTS: Lookback study of a HEV-positive donor
revealed that the platelets (PLTs) donated from hirn 2
weeks previously contained HEV RNA and were trans-
fused to a patient. Thirteen relatives including the donor
were ascertained to enjoy grilled pork meats together in
a barbecue restaurant 23 days before the donation.
Thereafter, his father died of fulminant hepatitis E and
the other 6 members showed serum markers of HEV
infection. In the recipient, HEV was detected in ‘serum
on Day 22 and reached the peak of 7.2 log copies per
mL on Day 44 followed by the steep increase of alanine
aminotransferase. Immunoglobulin G anti-HEV emerged
on Day 67; subsequently, hepatitis was resolved. HEV
RNA sequences from the donor and recipient were an
identical, Japan-indigenous strain of genotype 4. HEV
RNA was detectable up to Day 97 in serum, Day 85 in
feces, and Day 71 in'saliva.

CONCLUSION: A transfusion-transmitted hepatms E
case by blood. from a donor infected via the zoonotic
food-borme route and the progress of HEV markers in
the entire course are demonstrated. Further studies are
needed to clarify the epidemiology and the transfusion-
related risks for HEV even in industrialized countries.
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epatitis E virus (HEV) infection has been con-

sidered to occur mainly via fecal-oral trans-

mission and is an important public health

concern in developing countries.! In industri-

alized countries including Japan, cases have been rarely

reported and hepatitis E has been regarded as an

imported infectious disease from its endemic areas.

Recently, however, increésing numbers of sporadic cases

have been reported,>" some of which resulted from infec-

tion via a zoonotic food-borne route by consumption of

raw or undercooked meats of wild boar, wild deer, or
farmed pig that was contaminated with HEVS!! ,

In 2004, we reported the first molecularly confirmed

case of transfusion transmission of HEV.? The infection

route in the causative donor was not very clear, however.

" Thereafter, at least four cases of transfusion transmission

of HEV have been reported in Japan, the United Kingdom,

ABBREVIATIONS: FAM = 6-carboxyfluorescein;
HEV = hepatitis E virus; ORF = open reading frame;
PSL = predonisolone; TAMRA = 6-carboxy-
tenmnethylrhodémine
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and France,'*'¢ where hepatitis E is nonendemic and HEV
infection routes remained to be obscure.

Here, we report a case of acute hepatitis E caused by
transfusion. transmission from the donor who was
infected with HEV via a zoonotic food-borne manner. To
our knowledge, this is the first case in which the infection
route of the causative donor has been confirmed. Also, in
this report, we describe, for the first time, the virus kinetics
and changes of anti-HEV in serum, prospectively moni-
tored from latent period of infection until convalescence,
accompanied by disease progression in the patient.

MATERIALS AND METHODS

Detection and quantitation of HEV RNA

For reverse transcription-polymerase chain reaction (RT-
PCR) to detect HEV RNA in the samples, the following
oligonucleotides were designed to detect 75 nucleotides of

highly conserved sequence'm the open reading frame
(ORF) 2 region of all HEV genotypes forward primer -

5“CGGCGGTGGTTTCTGG-3', reverse primer 5-AAGG
GGTTGGTTGGATGAATA-3’, and mixed probes with a
5’-reporter dye (6-carboxyfluorescein, FAM) and a 3'-
' quencher dye (6-carboxy-tetramethylrhodamine, TAMRA)
and*  FAM-5-TGACAGGGTTGATTCTCAGCCCTTCG-3"-
.TAMRA, EAM-5'- TGACCGGGT'I‘GA'I'I‘CI‘CAGCCC’I'I‘C 3-
TAMRA, "'and FAM- 5'-TGACCGGGCI‘GA'I'I‘CI‘CAGCCC
TT-3 -'I‘AMRA (Slgma-Aldnch Japan, Tokyo, Japan).
‘Nucleic ‘acid was extracted from 200 puL of serum and
* saliva and from 100 uL of 10 percent (wt/vol) fecal suspen-
sion in'saline with kits (QIAamp MinElute virus spin kit,
Qiagen K.K., Tokyo, Japan; and SMITEST R&D- EX, Medical
& Biological Laboratories, Nagoya, Japan). Before extrac-
tion, the samples were centrifuged at 6000 x g at 4°C for
" 10 minutes; thereafter the clear supernatant was sub-
jected to nucleic acid extraction. Before RT-PCR, RNA

preparation of feces was diluted at 10 times with nuclease- .

free water to reduce the effect of inhibitors. Twenty micro-
 liters of nucleic acid sample was used for each reaction.
.Each 50 pL of reaction mixture contained 25 uL of 2x

RT-PCR kit master mix (QuantiTect Probe RT-PCR kit, |

Qiagen), 0.5 1L of RT mix (QuantiTect Probe RT-PCR kit,
‘Qiagen), 400'nmol per L each of forward and reverse
primer, and 67 nmol per L each of three probes. RT-PCR
mixture was incubated at 50°C for 30 minutes and at
95°C for. 15'minutes, followed by 50 cycles of 94°C for
- 15 seconds, and 60°C for 1 minute utilizing a thermocycler
(Applied Biosystems 7500, real time PCR system, Applied
- Biosystems, Tokyo, Japan). HEV nucleic acid testing (NAT)
was performed individually. The analytical sensitivity of
the HEV NAT was determined to be 25.(13-166) copies per
mL (with 95% confidence interval) by logistic analysis. HEV
viral load was determined from standard curves generated
by using 10' to 107 copies of HEV RNA per reaction. The
HEV quanntanon standard was generated by transcribing
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HEV cDNA of HEV ORF2 region that was cloned into a
plasmid (pCRII-TOPO, Invitrogen, Carlsbad, CA), using the
in vitro transcription kit (MAXIscript T7 high-yield tran-
scription kit, Ambion, Austin, TX). Purified plasmid DNA
was linearized with HindlIll restriction endonuclease and
transcribed to yield 717-nucleotide-long RNA transcripts
containing 75-nucleotide target sequence.

Phylogenetic analysis of HEV isolates

Entire or nearly entire sequences of HEV isolates were
determined as previously described by Takahashi and
coworkers.* The sequences were aligned together with
reported HEV strains with a computer program (CLUSTAL
W, Version 1.8).!” A phylogenetic tree based on the nearly
entire HEV RNA sequence was constructed by the
neighbor-joining method,® and the final tree was obtained
by a computer program (TreeView, Version 1.6.6)." Boot-

* strap values were determined by resampling 1000 times of

the data sets. The nucleotide sequences isolates HRC-
HE14C, JST-KitAsa04C, and JTC-Kit-FHO4L reported in this
study have been asstgned DDBJ/EMBL/GenBank nucle-,
otide sequence databases with the accession numbers
AB291965, AB291966, and AB291959, respectively.

Detection of serum anti-HEV

~ Samples were tested for immunoglobulin M (IgM)- and

immunoglobulin G (IgG)-class antibodies against HEV
using a commercial enzyme-linked immunosorbent assay
kit (Viragent HEV-Ab, Cosmic Corp., Tokyo, Japan).5

Alanine aminotransferase testmg

"Alanine axmnotransferase (ALT) testing was carried out

using transaminase-HRII - Nisseki/GPT (Wako Pure
Chemical Industries Ltd, Osaka, Japan) on an automatic
analyzer (ACA5400, Olympus Corp., Tokyo, Japan).

RESULTS

A lookback study of a causative blood donor

Blood from a 39-year-old Japanese male on September 20,
2004, was disqualified because of the elevated ALT level at
236 1U per L and tested for hepatitis viruses because of the
abnormal ALT result. His blood sample turned out to be
positive for the presence of HEV RNA at 4.8 log copies per

, mL as well as anti-HEV IgM and IgG and negative for the

presence of any marker of hepatitis B virus (HBV) or hepa-
titis C.virus (HCV). A lookback study revealed that his
donated blood on September 6, 2004, 2 weeks before the

lastdonation, was positive for the presence of HEV RNA at

3.1log copies per mL and negative for the presence of
IgM- or IgG-class anti-HEV. The HEV isolate, HRC-HE14C,

was classified as genotype 4 of a Japan-indigenous strain
(Fig. 1). The blood (platelet {PLT) concentrate) donated on
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S Avian HEV (USA, AY535004)

unknown (Mexico, M74506)
T3 (Chad, AY204877)
Morocco (Morocco, AY230202)
Abb-2B (Pakistan, AF185822)
unknown (Myanmar, M73218)
HEVNESL (Myanmar, D10330)
unknown (India, AF459438)
unknown (India, AF076239)
TK15/92 (Nepal, AF051830)
— unknown (India, X99441)
hev037 (india, X98292)
Uigh179 (China, D11093)
unknown (China, D11092)
SAR-55 (Pakistan, M80581)
K52-87 (China, L25595)
HeBei (China, M94177)
unknown (China, L0O8816)

100

100

Osh 205 (Kyrgyzstan, AF455784) s
HE-JA04-1911 (Japan, AB248520)
swJ8-5 (Japan, AB248521) s
swJ12-4 (Japan, AB248522) s

Arkell (Canada, AY115488) s
HE-JA10 (Japan, AB089824)
JKN-Sap (Japan, AB074918)
JMY-Haw (Japan, AB074920)
Meng (USA, AF082843) s

=

100

28

0.1

HEV-US1 (USA, AF060668)
HEV-US2 (USA, AF060669)
swJ570 {Japan, AB073912) s
wbJYG1 (Japan, AB222184) b
JJT-Kan (Japan, AB091394)
HEVN1 (Japan, AB246676)
wbJSG1 (Japan, AB222182) b
JMNG-Oki02C (Japan, AB236320) m
wbJTS1 (Japan, AB222183) b
JRA1 (Japan, AP003430) -~
JBOAR-Hyo04 (Japan, AB189070) b
JSO- 3t (Japan, AB189073)
JMO-Hyo03L (Japan, AB182072)
JYO-HyoO3L (Japan, AB189075)
JTH-HyoO3L (Japan, AB189074)
JDEER-Hyo03t (Japan, AB189071) d
swCH31 (China, DQ450072) s
IND-SW-00-01 (India, AY723745) s

46 __E— JKO-ChiSai98C (Japan, AB197673)
; J

'YI-ChiSai01C (Japan, AB197674)
SwCH25 (China, AY594199) s
T1 (China, AJ272108)

HEVN2 (Japan, AB253420)

DQ1 (China, DQ279091) s
CCC220 (China, AB108537)
HE-JA2 (Japan, AB220974)
JAK-Sai (Japan, AB074915)

HE-Ji4 (Japan, AB080575)

swJ13-1 (Japan, AB097811) s
HE-JA1 (Japan, AB097812)
HE-JF3 (Japan, AB220971) -

JSN-Sap-FHO2C (Japan, AB200239)

JYN-Sap01C (Japan, AB193177)

JSF-Tot03C (Japan, AB193176)

HE-JK4 (Japan, AB099347) .

JYN-Nii02L (Japan, AB1931786)
HE-JA28 (Japan, AB220976)

100 |, HE-JA36 (Japan, AB220977)
HE-JA41 (Japan, AB220979)
99}, JTC-Kit-FHO4L
L HRC-HE14C
100 JST-KitAsa04C

Hokkaido-
cluster:

JSM-Sap95 (Japan, AB161717)
JKK-Sap (Japan, ABO74917)
HE-JA19 (Japan, AB220975)
HE-JA37 (Japan, AB220978)
HE-JFS5 (Japan, AB220973)
HE-JF4 (Japan, AB220972)
JTS-Sap02 (Japan, AB161718)
JYW-Sap02 (Japan, AB161719)
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Fig. 1. Phylogenetic tree constructed by the
neighbor-joining method based on the entire
or nearly entire sequences of HEV genome of
77 isolates using an avian HEV (AY535004) as
an outgroup. After the isolate name, the name
of the country where the strain was isolated
and accession numbers are shown in paren-
theses. The numbers 1, 2, 3, and 4 in bold indi-
cated HEV genotypes. The 3 isolates HRC-
HE14C from the causative donor, JST-
KitAsa04C from the patient, and JTC-Kit-
FHO4AL from the donor’s father are indicated in
bold. The letters “s,” “b,” “d,” and “m” after
parentheses denote HEV isolates from farmed
pig, wild bore, wild deer, and mongoose,
respectively. A vertical bar represents a cluster
consisting of strains indigenous to Hokkaido,
Japan. Bootstrap values are indicated for the
major nodes as a percentage of the data set
oAbtained from 1000 resamplings.

<

September 6 was released because it
showed normal ALT and passed all the
current blood screening tests. Transfusion
was carried out 3 days after the blood dona-

tion, and the total amount of HEV in the PLT

concentrate was estimated to be approxi-
mately 5.4 log copies. He was asymptomatic
and did not feel tired or febrile in the
periods near the two occasions of blood
donation.

A minioutbreak of HEV infection

in family members of

the causative donor

Besides the causative donor, HEV RNA was
detected in the blood of his 69-year-old
father, who developed acute hepatitis on
September 14, 2004, and finally died of ful-
minant hepatitis on October 14. Retrospec-
tive analysis of the father's blood sample
taken on September 24, 41 days after the
dining, revealed that the HEV strain, JTC-
Kit-FHO4L, was genotype 4. HEV RNA
sequence analysis of the HEV isolates from

. the causative donor and his father showed

only 9-nucleotide differences of 6588 nucle-
otides, suggesting that the two strains

~ were extremely close but not identical

(Fig. 1).
By retroactive interviewing, it was

‘revealed that the causative donor and his 12

relatives gathered to enjoy grilled meats



