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Molecular mechanism underlying B19 virus inactivation and
comparison to other parvoviruses

Bernhard Mani, Marco Gerber, Patricia Lieby, Nicola Boscherti, 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 # has also been shown to occur through the admin-
istration of contaminated plasma-derived prodtots.
Parvoviridae are highly resislant to physicochemical
freatments; however, B19V is more vulnerable than the

“rast of parvoviruses. The molecular mechanism govern-

ing the Inactivation of B15V and e reason for its
higher vulnerability remain unknown, '

STUDY DESIGN AND METHODS: After Inactivation of
B19V by wet heat and low pH, the integrity of the viral

capsid was ‘examined by mmunoprecipitation with two -

manocienal antihodies directed to the N-terminal of VP1
and to a conformational epitope in VP2. The accessibil-
ity of the viral DNA was quanﬁlah\re!y anatyzed by

a hybridization-extension assay and by nuclease
trealment.

RESULTS: The mtegrity of lhe vital parﬁcles was main-

" tained during the inactivation procedure; however, the

capsids became fotally depleled of viral DNA. The
DNA-depleted capsnds although nol infeclious, were
able 1o attach to targeét cells. Comparison studies with
other members of the Parvowndae family revealed &
remarkable inslab'ilty of 819\! DNA in its encapsidated
state.

CONCLUSION: inactivation of B 9V by heat or low pH
is not mediated by capsid dl;integrahm but by the con-
varsion of the infectious visions into DNA-depleted
capsids. The high instabliity of the viral DNA in its
encapsidated state is an exdlusive feature of B19V,
which explains its lower resm‘tanoa to Inachvatlon
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 acconipanied 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 -
nesses. Chronic infections accompanied by pure red cell
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 49 to 60 percent for young
adults and 80 to 100 percent for elder people.t? Owing to
its high prevalence, blood donations ate frequently con-
taminated with B19V, The measured incidence of con-
tamination depends oh the sensitivity of the detection
method and ranges from 0.003 percent (immunodiffir-

sion) to 1.2 percent (polymerase chain reaction [PCR]) of~ -

blood donations examined 37 Because plasma pools aré
constituted of hundreds of donations, B19V DNA is found
in the majority of plasma pouls as determined by FCR.*1? -
The contamination of plasma-derived products, such as
coagulation factors VII and IX, human serum albumin, °
infravenous immune globulin, intramuscularly injected

A

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

antithrombin I has been reported 212 Thersfore, 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
B19V DNA with PCR, which does not necessarily prove the
presence of infectious vires. Nevertheless, direct evidence
of B19V wansmission through the administration of
plasma-derived products has also been shown in several
casé studies!**® Morepver, patients that receive such
medication on a regular basis show a higher prevalence of
B19V-specific antibodies than control groups.” Alto-
gether, the contamination of plasma-derived products
indicates a potential risk 0f a B19V infecrion for the treated

patient with potentially severe consequences for pregnant’

women and anemic and immunocompromised patients.
Ta achieve maximal safety for plasma-derived clinical
products, pathogen safefy guidelines have been estab-
lished, as a result of which manufactirers must demon-

. strate the effective elimination of viral agents during the
manufacturing process of their products. Virus elisnina-
ton, is demonstrated either with the relevant pathogen
itself or with one or several closely related model viruses.
To-date, there is no convenient cell culture infectivity test
for BI9V. 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 commaon physicochemical inactiva-
tion procedures. B19V inactivation can be achieved with
dry ar wet heat,!*? as wall as with low or high pH, =B UVC
irradiation,?* or photochemical reactions.® Interestingly;
B19V has been found to be mare readily inactivated than
other parvoviruses. Whereas B19V is inactivated beyond
the detection limit after 10 minutes at 60°C or after 2 hours
at pH 4, canine parvovirus,? MVM,¥ and porcine parvovi-
rus'® can withstand 1 hour-at 66°C without cansiderable
inactivation. Similarly, the treatment of MVM at pH 4 for

_ Bhours onrly 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 nechanism of B19V inactivation has not yet - l
been elucidated, It is generafly assumed that the inactiva- -

tion occurs through -capsid disintegration because the
viral gename becomes accessible to DNases.!%* We lave
shown in a recent study, however, that after rmld heat

treatments, the DNA fiom BI19V and MVM cgm be ren-

dered accessible without capsid disintegration.”

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

rangéments-occuiring during-the {nactivation process.
The results revealed a sequence of structural tansitions
preceding capsid disintegration. The critical transition,
which resulted in full virus inactivation, was the dissocia-

1766 TRANSFUSION Volume 47, October 2007

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 fetal calf serum (FCS) and
2V per mL recombinant human erythropoietin (EPO;
Janssen-Cilag, Midrand, South -Afriea) at 37°C and
5 percent CO». UT7 cells were provided by A. Griner (CSL
Behring, Marbwrg, - Germany}. Two BI9V-containing
plasma samples (Genotype 1) were obtained from two
infected individeals (S-1 and.S-2) and did not contain
B19V-specific immunoglobulin M or immunoglobulin G
(1gG) antibodies. B19V was concentrated from infected
serum by ultracentrifugation through 20 percent sucrose.
The viral pellet was washed and resuspended in
phosphate-buffered- saline (PBS). All other parvoviruses.
were detived from cell culture supernatant, H-1 parvovi-
rus was provided by C. Dinsart (Gerrhan Cancer Resea:ch

- Center, Heidelberg, Germany). Porcine paxvovims was
* provided by'l‘. Novak (CSL Behnng. Marburg. Germany)

Exposure of viral particles to mactwatmn .

. conditions
" Viral suspensions in PBS were heat-treated in tlun»-wall

tubes for 3 or 10 minutes in a preheated thermoblocl:. A
probe was used ta mionitor the temperature of the suspen-.
sion. After the temperature treatment, the samples were
rapidly cooled on ice and immediately used for sub5e~
qguent reactions, For pH treatments, the viral suspensions
were acidified by adding MES-buffered saline unti! the
desired pH was achieved and incubated for 2 hours at
37°C. Afier the treatment, the pH of the viral suspension
was neutralized by dilation (1:100) into PBS or in PBS con-
taining 1 percent BSA (PBSA). Additionally, the heat sen~’
sitivity of B1SV in citrate buffer, which has been recently. .

" reported to corfer heat resistance to B19V® was exam-

ined. The viral suspension was diluted in citrate buffer
(0.5 mol/L trisadium citrate, 0.1 mol/L NaCl, pH7) or in
PRS and exposed to heat as specified above.

Infectivity assay
Titration of B19V was petformed by limited dilution in
quadiuplicate, UT7 cells were seeded on 96-well plates

" (3 % 10* per well) in RPMI, contaiting 2 U per mL recom-

birvant human EPO and 5 percent FCS. Virus was diluted
geometrically by the factor 10 in RPML. An equal volume of
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. globuting was added (1:50 dilution,

extended probe was purified witha PCR | H-1

Velencia, CA) and quantified by real-

diluted virus was added to each welland incubated ar37°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 methanclacetone (1:1, 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 temperatuxe, The cells
were washed with PBSA, and as secondary antibody, a
conjugated F(ab), fragment of goat anti-mouse immune-
DakaCytomation,
Glostrup, Denmark) for 1 hour at room temperatute, After
final washings with PBSA, the cells were overlaid with

50 pL of glycerin:PBS solution (1:1) and examined under
fluorescence microscope. The infectivity titer was caleu-

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 [MoAbj
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 pl. of protein G PLUS-agarose (Santa
Cruz Biotechnology, Santa Cruz, CA) and 0.5 to 1 ug anti-
body in a total volume of 120 pL, 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

Aransfer to a polyvinylidene flucride membrane, the blot

was probed with a mouse anti-B19 VPs (1:500, US Biologi-

‘cals, Swampscott, MA), followed by z horseradish

peroxidase—conjugated secondary antibody (1:20,000
dilution). The viral structural proteins were visualized
with a chemilurninescefice system (Pierce, Rockford, IL),

 Assessment of B19V DNA accessibility

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

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, NJ) overnight at room temperature in PRS
containing 6 mmel per L MgCl.. The viral DNA was puri-

. fied and quantified as specified below.

Quanhtatrve PCR

The viral DNA was quantified with & real-time PCR system
{LightCycler, Roche Diagnostics, Rotkreuz, Switzetland).
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 downstrearn virus-
specific reverse primer were used. All probes and primers
-used are shown in Tables 1 through 3.

Assessment of the viral DNA-capsid association

To verify whether the exposed viral DNA is still associated
1o the capsid or otherwise dissaciated, the B1SV 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 BISV on the cell surface was quammh
tively analyzed by flow cytometry. UT7/EPO cells were
infected with either intact or heat-inactivated B1SV {100
copies/cell) under conditions allowing the binding but
not the internalization of the virus (4°C). The cells were
washed three times and incubated with an anti-B19V
capsid MoAb (5 pg/mL, 8293, Chemicon International,

| Temecula, CA} ‘at 4°C for 1hour in PBS containing
- 2 percent FCS, followed by an incubation with flucrescein

isothiocyanate (FITC)-conjugated rat ant-mouse IgG
(5 pg/ml, AB5-1, BD Biosciences, San Jase, CA) at £°C for
1 hour. The cells were analyzed by flow cytometry with 2
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 forthe hybrldizaﬂon-extension assay

viras-untelated 5-end was hybridized -

to the target viral DNA and subse-
quently extended with sequenase | gpy
(3.25, USB, Cleveland, OH). The CPv .'

purification kit {QlAquick, Qiagen, | ppy

§” virus-unrelated F virus-specific
Virus sequence sequenca
B9V - CGATCCEACTCACACCTEEACC . v v auw & - CCGCOTTATGCARATE
GGGCGAMSAACGGTGGATTAN . v v v v e s - & CEAGEACAGRTEGACC
GEGCEAAGARCOGTEEATTAR .« ¢ canaae GCGGTTTGTCTETTITA
CCACAGAGGTCCAAGCACGCA . - - ... - - AGCCGTTCAGAGAGTT
MVM GEGGATGLGEGEAGTETACGGEC . v v ay < n GATAAGCGGTTCAGGE
AGCCGCTTCATCGETCCATAG . « - v uin v GTTGCTTACTTCACTY
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assay

TABLE 2. Primers used for PCR after the hybrid‘zaﬂon-extenswn

. treannents did not cause capsid dlsas—
sembly (Fig. 14). The capsid integrity

was also examined with an antibody

Virus Forward primer Reverse primer . . . e
specific to N-VP1. A

819V CGATCCGACTCACACCTGRACC CCCEGGTAAGGTCAAGGTTAGAAGC agt on VP. As shown in Fig. 14,
BPV  GGGCGAAGAACGGTAGATTAA COCCCACATAGTTCATAGAAGCCT er heat inactivation of BISV, VP2
CPVY  GGGCGAAGAACGGTGGATTAA TCCATTGCTGTITGTGCTCCTGTA . could be immunoprecipitated with the
H1  CCACAGAGGTCCAAGCACGCA CCGCOCCTCGTTGTAGAGACTTC antibody directed to M- id dis-
MVM  GGGGATGCGGGGAGTGTACGEGC  CCAACCATCTGATCCAGTAAACAT . ¥ directe ;;)N':P L. C;?md dis
PPV AGGCGGTTCATGRATEGATAG CCGTTTTGTGAGGCTCTCGATT integration was only cbserved increas-

ing the incubation times at 60°C

TABLE 3. Primers used for B19Y genome
detection

Forward primer Reverse primer
TGEAGCAGCATGTGTTAAA  CACAGGTACTCCAGGCACAG

TABLE 4. Effect of temperature and low-pH ‘
treatnients on B19V {nfeckivity

S - §e
Slock , 275t &
pH 7.4% 485 535
pH 4 =248 =2.375 =2.48 22,87
arc . 4.1 51 :
50°C =248 =1.62 =2AB 22,62

* S and S-2 are senum samples of two Wiecied individuals,

1 Titers are given in fog TCIDs per ml.

t pH and lemperature treatments for 2 hours and 10 minutes,
respeclively. .

§ Reductlon oi fnlechvrty

. CA). Data acquisition and analysis were conducted with

software {CellQuest Pro, BD Biosciences). The percentage
of cells having B19V on their surface is indicated in the
upper right quadrant of each panel. '

RESULTS

" B19V inactivation by heat and low-pH trestments
Two different conditions, 60°C for 10 minutes and pH 4 for -

2 hours, were evaluated for their capacity to inactivate
B19V. After these treatmenits, an immunofiuorescence

infectivity assay was perforrned as described above. The,
- applied heat or low-pH treatmnents resulted in the reduc-

tion of the virus infectivity beyond the detéction limit

(Table 4). These results are consistent with previous data
on the inactivation of B19V/182i23

-

B13V inactivation by heat or low PH Is not caused

_ by capsid disintegration

Subsequent to the inactivation treatments by heatandlow
pH, the integrity of the viral capsid was examined. Viruses,

were immunoprecipitated with MoAb 860-55D against
a VP2 conformational epitope, which recognizes only
capsids® The results showed that the inactivating heat

lf!?BB TRANSFUSION Volume 47, Oclober 2007

{Fig. 1B} -or increasing the temperature
above GD°C (Fig. 1C). As expected, treatments at 85°C
resulted in the complete destruction of the viral capsids.

Similarly ta the temperature treatment, inactivation
of B19V by low-pH treatment was not caused by capsid
disintegration. As .shown in Fig 1D, viral capsids
remained assembled after exposure for 2 hours at pH 4.
Moreover, exposure to moye severe acidic conditions
{pH 3) did not cause capsid disintegration.

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

After the heat and low-pH Inactwauon treatments, the

accessibility of the viral DMA was examined with a

hybridization-extension assay, as described above. The

results showed. that while the vival capsid remained.
assembled, the viral genome, however, became fully

accessible. The amount of accessible viral DNA . was

similar to that detected after complete disintegration of
the viral capsids at 85°C {Figs, 24, 2B).

To determine whether the DNA that had become
accessible by the inactivation treatments was still associ-
ated with thevirus capsid or otherwise dissociated, viruses
were mmunopredpxtated with the MoAb against capsids,
and the DNA content in the supernatant and immunopre-
cipitated fractions was determined with quantitative PCR. .

. As expected, in the untreated virus samples, all the viral
DLNAwasimmunoprecipitated and only a minor amount of
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. 2C}. 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 orlow-pH treatments was -

" similarly caused by the conversion of the infectious DNA-

containing virions into noninfectious empty capsids,

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

It has been recently reported that in the presence of .
citrate, B19V becomnes resistant to inactivation by pasteusi-
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 fow pH on BISV capsid.integrity. After the
exposure of B19V to different conditions, the intact capsids were immunoprecipi-
tated and analyzed by Western blot, The immunoprecipitation was performed with
an antibody dizected to a VP2 conformational epitope (MoAb 850-55D), except for -
the right section in A, where an antibody recognizing an epitope in the N-terminal of
VP1 (MoAb 1418) was used." The immunoprecipitations were performed after expo-
sure to {4} 60°C for 10 minutes, (B} increasing incubation times at 60°C, (C) increas-
Ing incubation temperatures, and (D} after exposure to low pH,

121

increases the heat resistance of B19V
remains unknown. We have examined
and compared the beat 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 inactivaied DNA-depleted
capsids preserve their capacity to-
bind cells

The capacity ‘'of the heat-inactvated
BI9V particles to bind the target cells
was tested, The same amount of inacti-
vated and infectious B19V was added to
UT7 cells under conditions that allowed
only virdl binding and not internaliza-
tion (4°C). Subsequently, flow cytometry
analysis was performed with a B19V
capsid proteins antibedy 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 parvovimuses. B19V,
bovine parvovirus, canine parvovirus,
H1, MVM, and porcine parvovirus were
exposed to increasing temperatures for
3 mimuites, and the amount of accessible
DNA was determined with the
hybridization-extension assay. The rate
-of extermalization was remarkably
similar among all the examined viruses
except for B19V (Fig.5). At 50°C,
approximately 40 percent of the BigV
~virions externalized their DNA, whereas
barely any externalized DNA could be
detected in the case of the other par-

Volume 47, October 2007 TRANSFUSION 1769
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voviruses. Although 60°C treatment leads to the external-
ization of nearly all the B19V genm_ne_,s,' the externalization
in the rest of the tested viruses was at approximately
20 percent and in the range of 40 to 80 percent at 70°C.
These results imply that the reason for the faster inactiva-
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Fig, 2, Effect of inactivation by heat or low pH on B13V DNA
accessibility and release. (4, B} Effect of inactivation on B19V
DNA accessibility. The externalized DNA {%) refers to the
amoumt detected at 85°C. {C, D) Effect of inactivation on B19V
DNA release (dissociation from the capsid). Viral DNA (%) in
refation to the input is shown.
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Fig. 3. Sensitivity of B19V DNA to DNase I after heat treatment
II}PBS orin citrate buffec.

tiont of B19V is due to the hxgher mstabihty ofi 1ts DNAin
the encapsxdated state.

-

' ' DISCUSSION - -
To date, the lack of an appropriate cell culture to propa-

_gate B19V has complicated the experimental work with
-this vitus. In contrast, optimal cell systems are available

for many animal parvoviruses. For this reason, they are
commonly used in validation studies as models for B19V,
For an unknown reason, however, B19V hasbeen shown to
be more easily inactivated than the ather members of the
Parvoviridae family?2® Therefore, the animal parvovi-

ruses do not mimic the effect of inactivation procedures
on B19V3? Although different inactivation conditions for
B19V have been described, the underlymg mechanism of

* the inactivation and the Teason for its ‘higher vulner-

ability to physicochemical conditions have nqt yet been
elucidated,
In thiis study we have exammed the structural capsid

' rearrangements occurring during the i inactivation of B19V,

For this purpose, we have applied wwo different proce-
dures previously shown to efficiently inactivate B1gV18a2
One is'the exposure of the virus to heat (60°C for 10 min)
and the other is the exposure to acidic conditions (pH 4
for2 ). Our results demonstrated that the first steuctural
transition determining B19V inactivation is not the disin-
tegration of the capsid, which remained intact (Fig. 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 B19V?
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Fig. 4. Capacity of inactivated virns to bind to susceptible cells. UT7 cells were infected w:r.h either uﬁtreated or heat-Inactivated
B19V. The proportion of cells with bowund virus was determined with FACS and is shown in the upper right quadrant of each panel.
The percentages represent the mean = ST 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 guantified with the

" hybridization-extension assay. Values of DNA (%} refer to the
total amount detected after 85°C treatment, which was in the
range of 10° to 10° molecules per micraliter for all viruses. (W)
BL9V; (@) bovine parvovirus; (#) canine parvovirus; (&) H1

" parvovirus; 09 MVM; (K) 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 heat treat-
ment was also detected in other parvoviruses (Fig. 5).
* Quantitative studies revealed that the kinetics of DNA
externalization were surprisingly similar in all tested
viruses with the exception of B9V, where it occurred pre-
maturely (Fig. 5). The remarkable instability of the viral
DNA in its encapsidated conformation explains the lower

resistance of BISV to inactivation treatments. o
The mechanism by which the intracellular environ-

* ment destabilizes the parvovirus particles resulting in the
release of the viral DNA is not fully understood. Growing

evidence, however, indicates that parvovirus uncoating is
performed without the need to disassemble the highly
rigid capsid 2% A serjes of capsid transitions triggered

_ by the low endosomal pH seems to play 2 critical role by

rendexing the capsid flexible enough to allow the release
of the viral DN¥A.* Among these transitions is the exposure
of N-VPL. Increasing experimental evidence suggests that
the conformational change leading to N-VP1 externaliza-
tion leads also to DNA externalization.® Sustaining this
noticn is the ebservation that under mild acidification

(pH 5), B19V externalizes N-VP1 sequences, and the viral

DiNA becomes accessible although mostly associated with
the capsid.®® In contrast, low pH treatment of MVM
externalizes neither the N-VP1® nor the viral DNA.2
Figure 6 represents schematically the progressive capsid
rearrangement steps occiuring during the inactivation of
B19V.

As a result of the inactivation conditions applied in
the present study, two major viral components were gen-
erated, ernpty capsids and free viml DNA, which might
still have certain biclogic activity. It has been recently
shown that free penomic Kilham rat virus DNA induces
innate fmmune activation and auvtoimmune diabetes
through the TLR9 pathway;¥ however, whether B19V DNA
or capsid proteins stimulate the innate immune system is
not nown. It-hds been 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 anteimmune manifestations®™* and is
suspected to be résponsible for the arthropathies caused
by B19V aswell.*! Althaugh internal in native capsids, the
VP1-PLA; motif becomes accessible upon exposure to
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