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Inactivation of hepatitis A virus by heat and high hydrostatlc
pressure: variation among laboratory strains

N Shimasaki,'? T. Kiyohara, A, Totsuka,' K. Nejima,® Y. Okada® K. Yamaguchi." J. Kajioka,* T. Wakita' & T. Yoneyama'
'Department of Virology I, 2Division of Biosafety Control and Research, *Department of Sofety Research on Blood and Biological Preducts, Nationo!
Institute of Infectious Diseases, Gokuen, Musoshimurayama, Tokyo, Japan

*Kitasato Research Center for Enviranmental Sciences, Kitasato, Sogomihare, Japan

KMox San Gy s Background and Objectives Hepatitis A virus (HAV) transmission via ‘contaminated

' . blood products has been reported. Cell-adapted HAV strains are generally used

to confirm virus inactivation in manufacturing blood products, but the strains

may differ in theu' sengitivity’ fo inactivation treatment. To sclect an appropriate

_ce11~adapted HAV strain for virus validation, we compared the inactivation efficiency

among four.strains under two different physu:al inactivation treatments heat and
high hydrostauc pressure.

- Materials and Methods The cell-adapted HAV strains used here were KRM238,
KRM003 (subgenotype IB), KRMO31 (A}, and TKM00S5 (IB). The strains were treated ' -
at 60°C for up to 10 h or under high hydrostatic pressure (up to 420 MPa). The reduction s
in HAV mfectmfy was measured by an immunofocus-staining method.

Results The heat treatment at 60°C for 10 h reduced HAV infectivity in the range

. of 3 to 5 log,, among the strains; KRM238 and TKMOOS were harder to inactivate

. than the other two. The high hydrostatic pressure treatment at 420 MPa also reduced

- infectivity in the range of 3 to 5 log,, among the strams, and KRM031 was easier to
inactivate than the other strains. .

Conclusion Heat tn:atment and high hydrostahc pressure trealmcnt revealed differences
in inactivation efﬂcmnmesuamong cell-adapted HAV strains, and:each strain reacted
differently depending on the treatment. KRM238 may he the best candidate for virus
validation to ensure the safety of blood products against viral contamination, as it

Received: 2 May 2008, . : . : . - - . .
et oy 205 is harder to inactivate and it replicates better in cell culture than the other strains.

revised 19 September 2008,

accepted 20 September 2008, " Key words: heat mactlvanon. hepatitis A virus, high hydrostatic pressure macuvatxon,
published online 2 November 2008 : vanatlon among strains, virus validation.
Intro du ction . - either through the ingestion of contaminated food or water

‘ . or through person-to-person contact (1,2]. On the otherhand, . '
Hepatitis A virus (HAV), which is responsible for acute viral parenteral . HAV transmission has also been reported via
, hepatitis, is transmitted primarily by the fecal-oral route, contaniinated blood {3] or blood products [4,5]. Moreover, in
‘ " wvivo HAV mfectlon via blood reportedly has a much higher
HAV mfecnoh ‘efficiency than dacs oral HAV infection [6]. In

Correspondence: Narika Shimasaki; Division of Biosafety Control and . . dgvd0ped Founmes -such as-Japan, HAV mf‘cctlons h:j“'e
Research, National Institete of Infectious Diseases, 4-7-1, Gakuen, become less common; owing to improved hygiene resulting
Musashimurayama, Tokyo 208-0011, Japan . fromthe maintenance of water and sewage facilities. Infections
E-mail: shima@nih.go.jp ’ in early childhood are relatively rare, and. thus the majority”
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Table 1 Characteristics of HAV strains used

Number of passages

) on African green Titre of stock R
Strain Subgenotype Source Year of recovery mankey kidney cells virus (FFU/mi) Reference Accession no.
KRM238 na Qutbreak 1977 59 5% 10° [21) AB300205
KRM003 s Sporadic 1979 72 : 1-5 ><~10a [i5,18] AB425339
KRMO31 . (A Qutbreak 1977 47 : b5 % 10° 18] AB300206
TKMOOS 16 Travel-associated 1981 44 ’ 05x 10° [15] AB300207

" of adults remain susceptible to infection, because they lack

the immunity to HAV [7]. As this could potentially facilitate
massive oufbreaks of hepatitis A in the general population,
treatment to inactivate HAV in blood and blood products
should be improved.

Previous results have demonstrated that, because H.AV isa
non-enveloped virus, it is quite resistant against chemical
inactivation approaches, such as soivent/detergent treatments

used in the preparation of blood products [8]. HAV can be .

inactivated however by pasteurization [9}, y-irradiation [10],

* and short wavelength ultraviolet light irradiation [11]. |
Because environmerital HAV strains that have just isolated
from human generally grow poorly in cell culture, cell-adapted
HAV strains are generally used to test virus inactivation. As
extensive genetic variation is found among cell-adapted strains
[12], the strains may differ in their sensitivity to mactwatlon

treatments. But no studies have considered the variation.
among cell-adapted HAV strains in testing the efﬁcxency of
~ inactivation treatments.

HAV strains recovered {rom different parts. of the world

have been dassified into six genotypes (i-Vi). Genotypes I, II .

and I are found in humans, and each of them 'is further
divided into subgenotypes A and B. Most human HAV strains

belong to genotypes 1 and W1 [13-15]. Subgenotype 1A

appears to be the predominant virus of hepatitis A cases
worldwide, whereas subgenotypes IB and [JA have been found

in Scandinavia and in the Mediterranean region [16,17]. - '

Subgenotype HIB is unique to Japan [15,18].

To select an appropriate HAV laboratory strain for use in
virus validation, we compared the rates of inactivation efficiency
. among cell-adapted HAV strains by using twe different
physical inactivation treatments heat treatment at 60°C and
high hydrostatic pressure treatment - among four cell-adapted

HAV strains belonging to three subgenotypes: Heat treatment. |

was used as a conventional inactivation treatment for-blood
products. High hydrostatic pressure treatment is a promising
* new virus-inactivating technique that is applicable to hurhan

immunodeficiency virus in blood products [19] and has been .

. applied to HAV in food [20]. It is cxﬁcctcd to be useful for
inactivating a broad range of micro-organisms in blood producis
under conditions without applying high temperatures.

© 2008 The Authorl(s)

Materials and methods

Virus strains and propagation

Four laboratory HAV strains (KRM238, KRM003, KRMO31,
and TKMO0OS) were isolated from patients with hepatitis A
in Japan [t5,21], and these strains were adapted by numerous
passages on African green monkey . kidney cells. Table 1
shows each strain’s siq_llgenotype, passage history, and stock
virus titre. All four strains were propagated on an established
Afican green monkey kidney cell line, GL37 [18].
GE37 cells were grown in Eagle’s minimum essential
medium supplemented with 10% fetal bovine serum {FBS)
and 50 pgfml gentamycine. To prepare the virus stocks, GL37
cells were infected at a multiplicity of infection of 0-1 focus

forming units (FFU) per cell in _Eagle's mlmmum essential |

medium containing 2% FBS, and weré mcubated for 2 weeks
at 36-5°C in fhe presence of 5% CO,. The infected cells were
' ﬁ:_mr&ted by teplacing the uiediuin with phosphate—ﬁzjffered
saline containing 2% FBS. Virus stocks were obtained as super-
natants of centrifugation at 2380 ¢ for 5 min after release of the
- viruses by three frecze-thaw cycles and sonication of infected
cells. The virus stocks were then stored at -80°C until use.

i Infectunty assay

The infectious titre of each HAV strain was mcasured by the

immunofocus-staining method described previously 21},

Bricfly, a 100 j1] portion of the virus dilution was inoculated

into duplicate GL37 cells cultures in six-well plates at 36-5°C -

in the presence of 5% C0,. After 60 ruin adsorption, 5 mt of the

medium containing 0-6% agarose and 2% FBS was overlaid.

on each well, The plates were incubated at 36-5°C in the presence

of 5%.CO,, for 9 days. The cells were fixed with 80% methanol
containing 0-03% H;0, after removal of the agarose medium.

HAV foci were revealed by anti-HAY rabbit serum and horse-
radish pbroxidasé:'ebpjugalcd anti-rabbit immunoglobulin
G (IgG) (MBL, Nag());a, Japan) followed by colour develop-
ment with DAB substrate solution (0-5 mg/ml diaminoben-
zidine, 9:03% (NH,),Ni(S0,},, 0-03% CoCl,, and 0-03% H,0,
in phosphate-buffered saling).
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- 15

T
3
2






