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Molecular mechanism underlying B19 virus mactlvatmn and
companson to other parvoviruses

Bernhard Mani, Marco Gerber, Patricia Lieby, Nicola Boschetti, Christoph Kempf, and Carlos Ros

BACKGROUND: B19 virus (B19V) is a human patho-
gen frequently present in blood specimens. Transmis-
sion of the virus occurs mainly via the respiratory route,
but it has also been shown to. occur through the admin-
istration of conlaminated plasma-derived products.
Parvoviridae are highly resisiant to physicochemical
treatments; however, B19V is more vulnerable than the
“rast of parvoviruses. The molecular mechanism: govemn-
ing the Inactivation of B19V and the, reason for its:
higher vulnerability remain unknown.

STUDY DESIGN AND METHODS: After Inacuvaﬂon of
B19V by wet heat and low pH, the integrity of the viral
capsid was examined by immunopredp(latxon with two
monocianal antibodies directed to the N-terminal of VP1
andtoa confonnauonal epltope in VP2, The accessibil-
ity of the viral DNA was quamilahvely analyzed by

a hybridization-extension assay and by nuclease
treatment.

RESULTS: The mtegdty of the viral parﬁdes was main-.
"~ tained during the inactivation procedure' however, the

capsads became totally depleted of, viral DNA. The
DNA—depIeled capsuds although not infectbus were
able to attach'to target cells, Comparison studies with
other members of the Pan/owridae family revealed a
remarkable instabifity of 819V DNA in its encapsidated
state. L ,
CONCLUSION: fractivation of B19V by heat or low pH
Is not mediated by capsid disintegration but by the con-
version of the infectious virions into DNA-depleted
capsids. The high instabllity of the viral DNA in its
encapsidated state s an-exclusive featurs of B19V,
which explainis its lower res:siance to lnachvauon
treatments.

19 virus (B19V) is the only well documented

human pathogen of the Parvoviridae family.

The virus belongs to the genus Erythrovirus. In

most cases, the infection is either asymptom-
atic or accompanied by mild nonspecific symptoms. The
most common syndrome caused by B19V is'an erythema-
tous rash illness named erythema infectiosum affecting
children. B19V is also the causative agent for transient
aplastic crisis, which may have severe effects on patients:
suffering from sickle cell disease and other anemic ili-
nesses. Chronic infections accompanied by pure red celt
aplasia and anemia affect immunocompromised patients.
Furthermore, B19V may cause, fetal death, autoimmune .
diseases, and arthropathies.}

B19V is a widespread pathogen. The serologic evi-
dence of a past infection is 40 to 60 percent for young
adults and 80 to 100 percent for elder people.** Owing to
its high prevalence, blood donations are frequently con-
taminated with B19V, The measured incidénce of con-
tamination depends on the sensitivity of the detection
method and ranges from 0.003 percent’ (immuriodiffu-

sion) to 1.2 percent (polymerase chain reaction [PCRI) of * **

blood donations examined.*? Because plasma pools are
constituted of hundreds of donations, B19V DNA is found
in the majority. of plasma pools as determined by PCR.#10
The contamination of plasma-derived products, such as
coagulation factors VIl and IX, human serum albumin, -
intravenous jmmune globulin, intramuscularly injected

ABBREVIATIONS: B19V = B19 virus; MVM = minute virus of
mice; PBSA = phosphate-buffered saline containing 1 percent
bovine serum albumin; PLA, = phaspholipase A2.
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immune globulin, prothrombin complex concentrate and

antithrombin IIT has been reported.5%11.12 Therefore, there -

is a risk of transmitting B19V through the administration
“of plasma-derived products. In these studies however, the
contamination was demonstrated with the presence of
B19VDNA with PCR, which does not necessarily prove the
presence of infectious virus. Nevertheless, direct evidence
of B19V transmission through the administration .of
plasma-derived products has also been shown in several
case studies.*'s Moreover, patlents that receive such
medication on a regular basis show a higher prevalence of
B18V-specific antibodies than control groups.!”” Alto-

gether, the contamination of plasma-derived - products,
_indicates a potential risk of a B19V infection for the treated
patient with potentially severe consequences for pregnant®

women and anemic and immunocompromised patients.

. To achieve maximal safety for plasma-derived élinical
products, pathogen safety guidelines have been estab-
lished, as a result of which manufacturers must demon-
-strate the effective elimination of viral agenits during the
manufactyring process of their products: Virus ‘elimina-

ton-is demonstrated either with the relevant pathogen -
itself or with:one or several closely related model viruses. -
To date, there is no; conivenient cell culture infectivity test -

for B19V. For-this reason, animal parvoviruses such as
- bovine parvovirus, canine parvovirus, porcine parvovirus,
“or minute virus.of mice (MVM) are often used for valida-

tion studies regarding the inactivation of B19V, Parvovi-

ruses.are.among:the-most stable viruses and have been"
shown to resist many common physicochemical inactiva--

tion procedures. B13V inactivation can be achieved with
dry orwetheat,'*2 as well as with low or high pH, 22 yvVC
irradiation,?* or photochemical reactions.® Interestingly,
B19V has been found to be more readily inactivated than
other parvoviruses. Whereas B19V is inactivated beyond
the detection limit after 10 minutes at 60°C or after 2 hours
atpH 4, canine parvovirus, MVM,? and porcine parvovi-
rus'® can.withstand 1 hour-at 60°C without considerable:

inactivation. Similarly, the treatment of MVM atpH 4 for !

_ 6hours only moderately reduces its infectivity.® The
reason why B19V is more sensitive to inactivation than
other parvoviruses-is not known. Although different inac-

tivation conditions for B19V have been described; the -
- underlying ' mechanism of B19V inactivation has not yet .
been elucidated. It is generally assumed that the inactiva- -

tion occurs through -capsid disintegration because the

viral genome becomes accessible to DNases."s% we have °
shown in a recent study, however, ‘that after mild heat
treatments, the DNA from B9V and MVM cén be ren:

dered accessible without capsid disintegration.

In this study we have analyzed the B19V capsid rear- |

Tangéments - occuring -dutingthe inactivation process.

The results revealed a sequence of structural transitions

preceding capsid disintegration. The critical transition,
which resulted in full virus inactivation, was the dissocia-
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. conditions L

* Viral suspensions in’' PBS were heat-treated
fubes for 3 or 10 minutes in a preheated thermoblock. A. ;

 probe was used to monitor the temperature of the suspen-.
sion. After the temperature treatment, the samples were
rapidly cooled on icé and immediately used for subse- -

tion of the viral DNA from the still intact capsid. Compari-
son studies revealed that the DNA release from intact
capsids is a common feature among parvoviruses but
occurs much more prematurely in B19V, explaining its
lower resistance to inactivation procedures.

MATERIALS AND METHODS

Cells and viruses

Human UT7/EPO cells were propagated in RPMI 1640
supplemented with 5 percent fatal calf serum (FCS) and
2U per mL recombinant hurhan erythropoietin (EPO;
Janssen-Cllag, Midrand, - South ‘Africa) at 37°C. and
5 percent CO;. UT7 cells were provided by A. Groner (CSL
Behring, Marburg, - Germany). Two B19V-containing

“plasma samples (Genotype 1) were obtained from two

infected individuals (S-1 and $-2) and did not contain
B19V-specific immunoglobulin' M or immunoglobulin G
(IgG) antibodies. B19V was concentrated from Infected
serum by ultracentrifugation through 20 percent sucrose,

The' viral pellet was washed and resuspended i
Phosphate-buffered saline. (PBS); All ‘other parvovuuse

Exposure of viral particles to Inactivation

quent reactions. For pH treatmeats, the viral suspensions

were acidified by adding MES-buffered saline until the -
desired pH was' achieved and Incubated for 2 hours at"
37°C, After the treatment, the pH of the viral suspension

was neutralized by dilution (1:100) into PBS or in PBS con-

taining 1 percent BSA (PBSA). Additionally, the heat sen-
sitivity of B19V in citrate buffer, which has been recently. .
.. reported to confer héat resistance to B19V® was exam- .

ined. The viral suspension was diluted in citraté buffer

(0.5 mol/L trisodium citrate, 0.1 mol/L NaCl, pH 7) or in
*" PBS‘and exposed to heat as specified above.

" Infectivity assay

Titration of BI9V was performed by limited dilution in

'quadtuplicate. UT7 cells were seeded on 96-well plates .
(3% 10* per well) in RPMI, containing 2 U per mL recom-

binant human EPO and 5 percent FCS. Virus was diluted
geometrically by the factor 10 in RPMI. An equal volume of
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diluted virus was added to each well and incubated at37°C
in 5 percent CO,. After 4 days, the cell culture volume was
carefully removed and cells were fixed with a solution of
ice-cold methanolacetone (1:1, v/v) for 1 hour at 20°C,
After fixation, the cells were air-dried, washed with PBSA,
and incubated with a mouse antibody against B19V (1:40
diluted in PBSA, clone R92F6 IgG;, Novocastra, Newcastle
upon Tyne, UK) for 1 hour at room temperature. The cells
were washed with PBSA, and as secondary antibody, a
conjugated F(ab"), fragment of goat anti-mouse immuno-
globulins. was added (1:50 dilution, DakoCytomation,
Glostrup, Denmark] for 1 hour at room temperature. After
final washings with PBSA, the cells were overaid with

50 pL of glycerin:PBS solution (1:1) and examined under

fluorescence microscope. The infectivity titer was calcu-
lated with the Spaerman-Kirber method.®

Assessment of B19V capsid integrity

After exposure to heat or low pH, the integrity of the viral
capsid was examined by immunoprecipitation with two
different antibodies. One antibody is directed to a VP2
conformational epitope (monoclonal antibody [MoAb]

860-55D), which: exclusively recognizes capsids and not -

denatured proteins. Another antibody recognizes an
epitope In.the N-terminal of VP1 (MoAb 1418):3 The
immunoprecipitation was performed overnight at 4°C in
the presence of 20 yL of protein G PLUS-agarose (Santa

Cruz Biotechnology, Santa Cruz, CA) and 0.5 to 1 jtg anti-

body in a total volume of 120 uL PBSA. The supernatant
was carefully removed, and the beads were washed three
times with PBSA. Immunoprecipitated viral capsids were
resolved -by: sodium- dodecyl sulfate (SDS)-10 percent
polyacrylamide gel electrophoresis (PAGE). After the

transfer to-a polyvinylidene fluoride membrane, the blot

was probed with a mouse anti-B19 VPs (1:500, US Biologi-
cals, Swampscott, MA), followed by a horseradish
peroxidase-conjugated secondary antibody (1:20,000
dilution). The viral structural proteins were  visualized
with a chemiluminescence system (Pierce, Rockford, IL).

Assessment of B19V DNA accessibility

Subsequent to the temperature or pH treatments, the
presence of externalized viral DNA was examined by a
hybridization-extension assay as previ- . B

MOLECULAR MECHANISM OF B19V INACTIVATION

time PCR. Alternatively, the presence of externalized viral
DNA was examined by the treatment of the viral suspen-

_sions with DNase I (10 U, Amersham Biosciences, Piscat-

away, N]) overnight at room temperature in PBS
containing 6 mmol per L MgCh. The viral DNA was puri-
fied and quantified as specified below.

Quantitative PCR

The viral DNA was quantified with a real-time PCR system
(LightCycler, Roche Diagnostics, Rotkreuz, Switzerland).
PCR was carried out with the FastStart DNA SYBR Green
kit (Roche Diagnostics) following the manufacturer’s
instructions. For the detection and quantification of
probe-extended DNA generated from the hybridization-
extension reaction, a forward primer specific for the 5
virus-unrelated tail of the probe and a downstream virus-
specific reverse primer were used. All probes and primers
used are shown in Tables | through 3.

Assessment of the viral DNA-capsid association

To verify whether the exposed viral DNA s still associated
to the capsid or otherwise dissociated, the BI9V capsids
were immunoprecipitated with MoAb 860-55D as indi-
cated above. The amount of viral capsid protein and viral
DNA present in the immunoprecipitated and supernatant
fractions was analyzed by SDS-PAGE and quantitative
PCR, respectively.

FACS analysis

The presence of B19V on the cell surface was quantita-
tively analyzed by flow cytometry. UT7/EPO cells were
infected with eithey intact or heat-inactivated B19V (100
copies/cell) under conditions allowing the binding but
not the internalization of theé virus (4°C). The cells were
washed three times and incubated with an anti-B19V'
capsid MoAb (5 ug/ml, 8293, Chemicon International,
Temecula, CA) at 4°C for 1hour in PBS containin,

‘2 percent FCS, followed by an incubation with fluorescein

isothiocyanate (FITC)-conjugated rat anti-mouse IgG
(5 pg/mL, A8S5-1, BD Biosciences, San Jose, CA) at 4°C for
1 hour. The cells were analyzed by flow cytometry with a -
flow cytometer (FACScan, Becton Dickinson, San Jose,

ously described.?® Briefly, a probe con-
sisting of a virus-specific 3-end and a - TABLE 1. Probes used for the hybridization-extension assay
virus-unrelated 5’-end was hybridized - Viras 5 V‘,f"?'mif‘ce?led o 3" virus-specific
to the target viral ;DI:IA and subse- BISV CGATCCGACTCACACCTGGACC. . . ... . .. CCGCCTTATGCARATG
quently ' extended - with sequenase BPV GGGCGAAGAACGGTGGATTAA. . . . ... .. CGAGGACAGRTGGACE
(3.25 U, USB, Cleveland, OH). The cpv - GGGCGAAGARCGGTGGATTAA. . . ...... GCGGTTTGTGTGTTTA
. : H1 - CCACAGAGGTCCAAGCACGCA. . ...... . AGCGGTTCAGAGAGTT
extendec! probe.was purified w“h,a PCR MVM GGGGRTGCGGGGAGTGTACGGGC. ... . . . GATAAGCGGTTCAGGG
‘purification kit (QIAquick, Qiagen, . | ppy AGGCGGTTCATGCGTGGATAG. . . . . .. .. GTTGCTTACTTCAGTT
Valencia, CA) and quantified by real- :

p
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t. pH and !empemtute treatments for- 2 hours and 10 minutw
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TABLE 3. Primers used for B19\I genome
etection

Forward prlmet . Reverse primer
TGGGGCAGCATGTG‘I"I‘AM CACAGGTACTCCAGGCACAG

TABLE 4. Eﬁect of temperature and low-pH
] treatnients on B19V lnfecﬂvlty

S-1* S-2
Stock . 4.75¢ 6
pH 7.4% 4.85 535 . ;
pH4 - ‘=248 =2.37§ =248 22.87
3r°C. . L 4.1 51 ;. :
60°C o 52.482162 =248 =2.62

*.84 aMSZa:eserumsamplesoﬂwoh(ededlndeuals
1t W’e’rs'aregivenh log TOIDg per mL.

- CA). Data acquisition and analysis were conducted with .
software (CellQuest Pro, BD Biosciences). The percenmge

of cells having B19V on their surface is indicated:iit the

upper right quadxant of each panel.

RESULTS

“B19V. inactivation by heat and low-pH treatments
Two different conditions, 60°C for 10 minutes and pH4 for s
2 hours, were evaluated for their capacity to inactivate
B19V. After these treatments, an immunofluorescence
infectivity assay was performed as described above. The

- applied heat or low-pH treatments resulted in the reduc-
* tion of the virus infectivity beyond the detection limit
(Table 4). These results are consistent with previous data

on the mactivatJon of B1gV/16213

-

Bigv Inactlvation by heat or low pH Is not caused
by capsid di slntegration .

Subsequent to the inactivation treatments by heatand low
PH, the integrity of the viral capsid was examined. Viruses

were lmmunoprempltated with MoAb -860-55D against
a VP2 conforinational epitope, which- recognizes only
¢:apsids.’l The results showed that the inactivating heat

1768 TRANSFUSION Voliime 47, October 2007

. treatments did not cause capsid disas-
TABLE 2, Primers used for PCR after the hybridization-extensuon sembly (Flg. 1A). The capsid integrity
— assay - p was also examined with an antibody
Virus . tomwal p‘ﬁlle( everse er
specific to N-VP1.
B19V  CGATCCGACTCACACCTGGACC CCCCGGTAAGGTCAAGCTTAGAAGC a?t h VPL. As Shw;n in Fig. 1,
BPV  GGGCGAAGAACGGTGGATTAA CCCCOCACATAGTTCATAGAAGGCT er heat inactivation of BISV, VP2
CPV  GGGCGAAGAACGGTGGATTAA TCCATTGCTATITGTGCTCCTGTA . could be immunoprecipitated with the
H-1  CCACAGAGATCCAAGCACGCA CCGCCCCTCGTTGTAGAGACTTC antibody directed to N-VPL. iddis-
MVM  GGGGATGCGGGGAGTGTACGGGC CCAACCATCTGATGCAGTAAACAT it y Clrecte ;?N:P eC:pSld dis
PPV AGGCGGTTCATGGGTGGATAG CCGTTITGTGAGGCTCTCGATT Integration was only observed increas-
. ing the incubation times at 60°C

(Fig. 1B) or increasing the terperature
above 60°C (Fig. 1C). As expected, tteatments at 85°C
resulted in the complete destruction of the viral capsids.

Similarly to the temperature treatment, inactivation’
of B19V by low-pH treatment was not caused by capsid

disintegradon. As shown in .Fig 1D, viral capsids

remained assembled after exposure for 2 hours at pH4.
Moreover, exposure to more severe acidic conditions
(pH 3) did not cause capsid disintegration.

B19V inactivation by heat or low pH is due to the
release of the viral DNA

After the heat and low-pH lnacﬁvauon treatments, the
accessnblllty of the viral DNA was examined with -4
hybndlzauon-extensmn assay, as described above. The -
results showed: that while the viral capsid remained: -
assembled, - the . viral- genome, however,-. became fully - :

accessible, The amount of ‘accessible viral DNA: was

similar to that detected after complete: disintegmuon of .

the viral capsids at 85°C (Figs. 24, 2B). .

To detérmine whether the DNA- thaf had become.
_ accessible by the inactivation treatments was still associ-

ated thh thevirus mpsld or otherwise dissociated, viruses
were immunoprecipitated with the MoAb against capsids,
and the DNA content in thesupernatant and immunopre-

cipitated fractions was determined with quantitative PCR. .
-As expected, in the untreated virus samples, all the viral .
DNAwasxmmunoprecipitated and onlyaminoramountof - -
. DNA was detectable in-the supernatant, Exposure of
" viruses to the temperature of 60°C or higher, however, '

resulted in total release of the viral DNA from the capsids
(Fig. 20). The same results were obtained after inactivation
"at pH 4 for 2 hours (Fig. 2D), indicating that the inactiva-

tion mechanism of B19V by heat or low-pH treatments was -
‘similarly caused by the conversion of the infectious DNA-

oontaining virions into nomnfectious empty capsids. -

B19V DNA is not externalized and the infectivity is
‘preserved when using citrate as thermostabilizer

It has been recently reported -that in the presence of -

citrate, B19V becomes resistant to inactivation by pasteurl-

zation. Citrate is used as a protein stabilizer in the -

preparation of some plasma-derived products.® The
‘mechanism by which the presence of citrate considerably
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Fig. 1. Effect of inactivation by heat or low pH on B19V mpsid.lnicgrity. After the
exposure of B19V to diffetent conditions, the intact capsids were immunoprecipi-
tated and analyzed by Western blot. The immunoprecipitation was performed with
an antibody directed to a VP2 conformational epitope (MoAb 860-55D), except for
the right section in A, where an antibody recognizing an epitope In the N-terminal of
VP1 (MoAD 1418) was used.™ The immunoprecipitations were performed after expo-
sure 10 (A) 60°C for 10 minutes, (B} Increasing incubation times at 60°C, (C) increas-
lng incubation temperatures, and (D) after exposure o low pH.

increases the heat resistance of B19V
remains unknown. We have examined
and compared the heat sensitivity of
B19V in PBS and in a buffer containing
citrate, as specified under Materials and
Methods. The results confirmed that
although the virus was fully inactivated
in PBS, the presence of citrate conferred
heat resistance and the virus could
not be inactivated (data not shown), As
expected, the viral DNA became fully
accessible after the heat treatment of
B19V in PBS but was not externalized in
the presence of citrate (Fig. 3).

The inactivated DNA-depleted
capsids preserve their capacity to-
bind cells

The capacity of the heat-inactivated
B18V particles to bind the target cells
was tested. The same amount of inacti-
vated and infectious B19V was added to
UTY7 cells under conditions that allowed
only viral binding and not internaliza-
tion (4°C). Subsequently, flow cytometry
analysis was performed with a B19V
capsid proteins antibody as described
above. The results revealed that the
heat-inactivated and the infectious
B19V bound to UT7 cells with a similar
efficiency (Fig. 4).

B19V shows a unique DNA
externalization pattern among
parvoviruses

B19V is more readily inactivated than
other parvoviruses. To- understand the
reason for this difference, the external-
ization of the B19V DNA was compared
to that of other parvoviruses. B19V,

‘bovine parvovirus, canine parvovirus,
_H1, MVM, and porcine parvovirus were

exposed to increasing temperatures for
3 minutes, and the amount of accessible
DNA was determined with the
hybridization-extension assay. The rate
of externalization was remarkably
similar among all the examined viruses
except for B19V (Fig.5). At 50°C,
approximately 40 percent of the B19V
virions externalized their DNA, whereas
barely any externalized DNA could be
detected in the case of the other par-
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» voviruses, Although 60°C treatment leads to the external-
ization of nearly alithe BIQV genomes, the -éxternalization

in the rest of the tested viruses was at -approximately .

20 percent and in the range of40 to aopercent at 70°C.
These results imply that the reason for the faster inactiva-

o TRANSFUSION Vokme 47.0ctober200_7

the enmpsxdated state.

e ‘fTo date, l;he lack ofan: approp
' .gife BI9V has’comiplicated

Fig. 2, Effect of inactivation by heat or low pH on B19V DNA
accessibility and release. (A, B) Effect of inactivation on Bigv
DNA accessibility. The externalized DNA (%) refers 10 the
amount detected at 85°C. (C, D) Effect of inactivation on B19V
DNA release (dissociation from the capsid). Viral DNA (%) in
r‘ela_tion to the input is shown. -

Genome coplas

DNase |

PBS . Cimte

Fig. 3. Sensitivity of msv DNA to DNase I after heat treatment
in PBS or in citrate buffer.

tion of B19V is due to the higher mstabihty of its DNA in

culture to propa-

this virus. In contrast, optimal cell systems are available
for many animal parvoviruses. For this reason, they are

commonly used in validation studies as models for BI9V.

For an unknown reason, however, B19V has been shown to
be more easily inactivated than the other members of the
Parvoviridae famﬂy”-’-’ Therefore, the ammaI parvovi-

ruses do not mimic the effect of inactivation. procedures
on B19V® Although different inactivation conditions for
B19V have been dscribed \__underlymg mechanism of

* the inactivation and the Teason for its higher vulner-

ability to physicochemical condmons have not yet been

elucidated.

In'this study we have exammed the structural capsxd
rearrangements occurring during the inactivation of B1gV.

» For this purpose, we have applied two different proce-

dures previously shown to efficiently Inactivate BI9VI$2#

_ 'One is'the exposure of the virus to heat (60°C for 10 min), -
~ and the, other is the exposure to acidic conditions (pH4

for2 |hr). Our results demonstrated that the first structural
transition determming B19V inactivation is not the disin-
tegration of the capsid, which remained intact (Fi ig. 1), but
the loss of the viral DNA (Fig. 2). Interestingly, the heat
sensitivity of B19V largely depends on the composition of
the buffer. In a recent report, it was shown that a solution -

_containing citrate conferred heat resistance to B19VZ
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Fig. 4. Capacity of inactivated virus to bind to susceptible cells. UT7 cells were infected with either untreated or heat-Inactivated
B19V. The proportion of cells with bound virus was determined with FACS and is shown in the upper right quadrant of each panel.
The percentages represent the mean = SD of three separate experiments.
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Fig. 5. DNA externalization pattern of different parvoviruses
in response to increasing temperatures for 3 minutes. The

" amount of externalized DNA was quantified with the

* hybridization-extension assay. Values of DNA (%) refer ¢o the
total amount detected after 85°C treatiment, which was in the
range of 10° to 10° molecules per microliter for all viruses. (L]
B19V; (@) bovine parvovirus; (¢) canine parvovirus; (A) H
parvovirus; () MVM; (X) porcine parvovirus,

In our studies, we have confirmed this observation and
found that in the presence of citrate, the viral DNA
. remains encapsidated (Fig. 3).
The release of the viral DNA in response to het treat-
ment was also detected in other parvoviruses (Fig. 5).
* Quantitative studies revealed that the kinetics of DNA
externalization were surprisiogly similar in all tested

viruses with the exception of BI9V, where it occurred pre-.

maturely (Fig. 5). The remarkable instability of the viral

DNA in'its encapsidated conformation explains the lower

resistance of B19V to inactivation treatments.

The mechanism by which the intracellular environ-

ment destabilizes the parvovirus partcles resulting in the

release of the viral DNA is not fully understood. Growmg

evidence, however, indicates that parvovirus uncoating is
performed without the need to disassemble the highly
rigid capsid.***3 A series of capsid transitions triggered
by the low endosomal pH seems to play a critical role by
rendering the capsid flexible enough to allow the release
of the viral DNA.* Among these transitions is the exposure
of N-VP1. Increasing experimental evidence suggests that,
the conformational change leading to N-VP1 externaliza-
tion leads also to DNA externalization 34 Sustaining this
notion is the observation that under mild acidification
(pH 5), B19V externalizes N-VP1 sequences, and the viral
DNA becomes accessible although mostly associated with
the capsid.®* In contrast, low pH treattnent of MVM
externalizes neither the N-VP1* nor the viral DNA.2°
Figure 6 represents schematically the progressive capsid
rearrangement steps occurring during the inactivation of
Biov. :
As a result of the inactivation conditions applied in
the present study, two major viral components were gen-
erated, empty capsids and free viral DNA, which might
still have certain biologic activity., It has been recently
shown that free genomic Kilham rat virus DNA induces
innate ‘immune activation and autoimmune diabetes
through the TLR9 pathway;* however, whether B1SV DNA
or capsid proteins stimulate the innate immune system is
not known. It-Hhas béen increasingly acknowledged that:
pathogenic manifestations of B19V can also be elicited by
the virus capsid proteins alone without infection, For
instance, it has been shown that VP2 proteins are able to
block hematopoiesis in vitro and in vivo.® The phospho-
lipase A2 (PLA,) activity of B19V is thought to contribute to
inflammatory and autoimmune manifestations®# and is
suspected to be responsible for the arthropathies caused -
by B19V as well*! Although internal in native capsids, the
VP1-PLA; motif becomes accessible upon exposure to
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‘B19V.cdpsid transitioris
- - during inactivation
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@fuﬂcaps'!& - NVP1
Osmp_tyea;is'ld ?/1 DNA

F’g. 6. Schemaﬁc reyresentadon of che BISV capsld strucmral

transitions during inactivation. The | first su-uctural rearrange- ©

ments observed after mild heat or low-pH treatments of BigV.
is the Q:ternalization of N-VP1 sequences,* includingthe v
PLA;. modfand the accessibility of the viral DNA.* At higher
tempentnm or more acidic eondidons. the viral DNA is
dissocfated from the capsid. Finaﬂy,thevixalparddels
dxsimegnted. '

 heat orlow pH = 'I‘herefore. although not infecuous, the” §
.inactivated capsids are enzymatxmlly active. The binding

of the PLA-active capsids to cells (Fig. 4), eth‘er'

or not; might still have certainbiologic eﬂ’ect_ Itseems very'

1772 . TRANSFUSION Volume 47, Ockober 2007 -~

unlikely, however, that such effects could be elicited
through the administration of plasma-derived products
containing inactivated B19V intact capsids. First, there
may not be any intact capsids present in plasma-derived
products due to the application of procedures of virus
removal and/or inactivation, which are by far stronger
than the ones applied in the present studies. Second, to
elicit biologic activities other than virus replication, a large
amount of B19V capsids or genomic viral DNA would be

_ required. Synoviocyte migration for instance has been
" shown only to occur at a concentration of 10" virions per
‘mL.* Also, Norbeck and colleagues® use 10" protein mol-

ecules per mL in an assay that showed the inhibition of
hematopoiesis by VP2. Such high concentrations are
simply not possible in plasma-derived products.

In summary, the molecular mechanism underlying
the inactivation of B18V has been elucidated. The first
structural transition determining B19V inactivation is not
the dlsmtegration of the capsid but the release of the viral
DNA. Comparison studies revealed that although the DNA
release from intact capsids seems to be a common feature
within the Parvoviridae family, it occurs much more

promptly and to a higher extent in B19V, explaining its

lower resistance to inactivation treatments.
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