JRC2008T-001

TRANSFUSION COMPLICATIONS

Neutralization of human parvovirus B19 by plasma and
intravenous immunoglobulins
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BACKGROUND: Human parvovirus B19 (B19V) is a

highly prevalent pathogen, and plasma pools for manu- -

facturing of plasma-derived products have been shown
to contain antibodies against B19V (B19V immunoglob-
ulin G {IgG}).

STUDY DESIGN AND METHODS: The megakaryoblas-
tic cell line UT7/Epo-S1 can be infected with B19V
Genotype 1 and as demonstrated here by immunocy-
tochemistry, Western blot, and reverse transcription—
polymerase chain reaction (RT-PCR) of B18V-specific
mRNA, also with the more recently discovered Geno-
“type 2. Based on B19V RT-PCR analysis of infected
UT7/Epo-S1 cells, an infectivity assay was established
and implemented for a B19V neutralization assay. To
investigate the role of B19V neqtralization in relation to
B19V IgG titers, more than 1000 manufacturing plasma
pools were tested by enzyme-linked immunosorbent
assay. '
RESULTS: Plasma pools were found to contain a mean
B18V IgG titer of 33 + 9 tU per mL, with the lowest titer
at 11 iU per mL. These 11 IU per mL B19V IgG neutral-
ized 4.6 log B19V Genotype 1 and greater than 3.9 log
Genotype 2 infectivity. Accordingly, a 10 percent intrave-
nous immunoglobulin (IVIG) product prepared from
such pools was found to contain an even higher B19V
neutralization capacity. - :
CONCLUSION: A high capacity of B19V Genotypes 1
and 2 neutralization was demonstrated in plasma pools
for fractionation, an inherent feature based on the
constantly high titer of B19V IgG in these pools. The
neutralizing activity of B19V igG was shown to be
maintained in the 10 percent IVIG product tested.
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uman parvovirus B19 (B19V) belongs to

the genus Erythrovirus (family Parvoviridae),

which has recently been reclassified to

contain three different B19V genotypes (1-3).!
Although B19V Genotype 1 is by far the most prevalent,
Genotype 2 has also been sporadically detected in Europe
and was shown to occur in plasma pools for manufactur-
ing into plasma derivatives.>* B19V Genotype 3 appears to
be mostly restricted to West Africa.*

Soon after its initial identification,® B19V was recog-
nized to cause fifth disease in children (erythema infectio-
sum), whereas more serious clinical manifestations of
B19V infection were only recently understood to include
arthropathy, transient aplastic crises, persistent anemia,
and hydrops fetalis.® In addition, an association of B19V
with inflammatory heart disease in adults has lately been
suggested.” The only treatment option available for B19V
infection so far is intravenous immunoglobulin (IVIG),
although based on anecdotal evidence rather than, for
example, established dose-response correlations.?

Owing to the global prevalence of B19V Genotype 1,
30 to 60 percent of adults carry antibodies. against B19V
(B13V immunoglobulin G [IgG]), with a good correlation
between antibody prevalence and age.' Consequently,
the presence of B19V IgG was found in all of the few
plasma pools for manufacturing so far investigated.'
Mostly due to the lack of a widely available B19V

ABBREVIATIONS: B19V = parvovirus B19; MOI = multiplicity of
infection; NCso = 50 percent B19V neutralization capacity;
TCIDsg = 50 percerit tissue culture-infectious dose.

From the Global Pathogen Safety and Plasma Control, Baxter
BioScience, Vienna, Austria.

Address reprint requests to: Thomas R. Kreil, PhD, Baxter
BioScience, Benatzkygasse 2-6, A-1220 Vienna, Austria; e-mail:
thomas_kreil@baxter.com.

Received for publication May 2, 2007; revision received
June 21, 2007, and accepted June 26, 2007.

"doi: 10.1111/j.1537-2995.2007.01503.x.
" TRANSFUSION 2008;48:178-186.



infectivity assay, however, no information was available
with respect to antibody function, that is, B19V neutraliza-
tion, and whether this potentially clinically relevant vari-
able would correlate with the presence of BI19V antibodies
detected by, for example, enzyme-linked immunosorbent
assay (ELISA). '

Although still to date a continuous cell culture system
that would allow detection of B19V infectivity by determi-
nation of a classical cytopathic effect does not exist, BI19V
replication has been demonstrated in a few specialized
cell lines mostly utilizing the detection of de novo tran-
scribed B19V-specific mRNA after infection of and virus
replication in these cells.'>'® Particularly the erythroid
.progenitor cell line KU812Ep6 was used to detect B19V
infectivity and was found to be sensitive to both B19V
Genotypes 1 and 2."%* These cells are, however, not widely
available. Alternatively, use of the megakaryoblastic cell

line UT7/Epo-S1 has also allowed dccurate quantification
of B19V Genotype 1 infectivity over several orders of mag- .

nitude.!182
With an internally controlled reverse transcnptxon—
polymerase chain reaction (RT-PCR) system (TagMan,

Applied Biosystems, Foster City, CA), an infectivity assay
for both B19V.Genotypes 1 and 2 in UT7/Epo-S1 cells was
established. The. presence of B19V IgG antibodies in.

plasma ‘pools for: further. manufacturmg was confirmed,
and the titers of BI9V IgG were quantified. With our infec-
tivity assay, a correlation between B19V antlbody presence
as determined:by ELISA; and functlon as determined by
‘neutralization of B1SV infectivity was established for
manufacturing plasma pools. Given the clinical relevance
-of B19V antibodies in IVIG as the only treatment option
for human B19V infection, particularly given the recent
recognition -of more severe disease assoc1at10ns’9 and
emerging B19V variants,? the level of B19V IgG function
" was also determined for a commercially available IVIG
preparauon ' '

MATERIALS AND METHODS

Cells, B19V, and plasma

UT7/Epo-S1 cells were provided by K.E. Brown (Health
Protection Agency, London, UK; with permission -of
K. Sugamura, Tohoku.University, Sendai, Japan). Cells
were maintained  in ‘Iscoveks modified Dulbecco’s
medium, containing 10 percent fetal calf serum (JRH Bio-

sciences, Lenexa, CA), -1 percent L-glutamine, 1 percent’

gentamicin sulfate, and 21U per mL erythropoietin
(Janssen-Cilag, Neuss, Germany) at 37°C with 5 percent
CQO,. ‘ '

detected by the routine B19V PCR donor ' screening
program of Baxter BioScience (Plasma Analytics Depart-
ment, Vienna, Austria) were used as the source of infec-
tious B19V. Plasma Donation 990237 contained ‘B19V

Plasma donations containing high titers of B19V-as
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Génotypel (titer, 11.8log IU/mL) and Donation IM 81
contained B19V Genotype 2 (titer, 11.4 log IU/mL).

Infection of UT7/Epo-S1 cells with B19V and
isolation of MRNA

UT7/Epo-S1 cells (10° per six-well) were infected with
B19V at multiplicity of infection (MOD) of 10~ to 10° and
incubated for 7 days or mock infected with buffer for
negative controls. Seven days after infection, mRNA was
extracted with a direct mRNA miniprep kit (GenElute,
Sigma-Aldrich, Vienna, Austria) according to the manu-
facturer’s protocol.

Immunocytochemicalr staining and Western blot,of'
B19V capsid proteins
For immunocytochemical staining, infected cells were

- pelleted and fixed on glass slides coated with 70 to

150'kDa - poly-L-lysine (0.0l mg/mL in phosphate:
buffered saline [PBS]) with 4 percent paraformaldehyde.

- After permeabilization with 0.5 percent Triton X-100, cells -
~ were incubated for 1 hour with a monoclonal antibody

(10 pug/mL) specific for B19V capsid proteins VP1 and VP2
(R92I'6/MAB8293, against amino acids 328-344 of VP2;
Chemicon, ‘Chandlers Ford, UK).2 After washing (PBS), an

anti-mouse-horseradish peroxidase polymer conjugate

(SuperPicTure .polymer detection kit, Zymed, Vienna,
Austria) was applied, and:the signal was developed by

" 15-minute incubation with 3,3'-diaminobenzidine chro-

mogen solution before mounting slides with aqueous

mounting medium. To determine the intracellular-local-
_ization of B19V structural proteins, cells were counter-
stained with methyl green (Vector, Burlingame, CA)

according to the supplier’s instructions.

For Western blotting, approximately 10°¢ cells were
collected, 2 to 7 days after infection and washed in Tris-
buffered saline (TBS). Proteins were then separated by
Bis-Tris sodium dodecyl sulfate (SDS)-4 to 12 percent
polyacrylamide gel electrophoresis and blotted onto
polyvinylidene - difluoride membranes thh a sermdry"

discontinuous protein transfer chamber (Immobﬂon ) :

Bio-Rad, Munich; Gerimany). After bloclcmg, membranes

were incubated with the primary antibody - R92F6 ’

diluted-1:2000. Membranes were washed in 0.5x TBS con-

taining (vol/vol) 0.2 percent Triton X-100 and incubated
for- 1 hour. with polyclonal rabbit a-mouse immune
globulins-alkaline phosphatase (at 1:5000; Dako, Glos-
trup, Denmark). Bound antibodies were detected with a.
color reaction (5-bromo-4-chloro-3-indolyl phosphate/ -

nitroblue tetrazolium solution, Sigma-Aldrich).

RT-PCR of spliced B19V transcripts
Real-time RT-PCR (TagMan) was performed with a
sequence detection system (AB] Prism 7900HT PE Applied
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Biosystems) with a RT-PCR core reagent kit {TagMan EZ,
PE Applied Biosystems). The B19V mRNA primers amplify
a region from nucleotide position nucleotide 365 to nucle-
otide 1978, spanning splice donor site nucleotide 406 to
splice acceptor site nucleotide 1910 (reference sequence
PVBAUA, NCBI GeneBank, Accession Number M13178),
that is, effectively preventing B13V DNA amplification by
use of an intron-spanning probe. As control for mRNA
quality and to exclude false-negative B19V results, all
samples were tested in parallel for the expression of the
housekeeping gene glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) with a predeveloped TagMan assay
reagents human GAPDH kit (PE Applied Biosystems).

Amplification of B19V mRNA was performed with
640 nmol per L each primer (PA3E 5-TTTCCTGGAC
TTTCTTGCTGTT-3"; PA3R, 5-CACCACCACTGCTGCTGA
TACT-39, 160 nmol per L the intron-spanning probe
(PA3PR 5-VIC-TTTGTGAGCTAACTAACAGATGCCCTCCAC
CCAGAC-TAMRA-39, and 10 ng of mRNA. Appropriate
reagent controls and 200 copies of in vitro transcribed
control RNA (10 copies/uL) in duplicate were included on
each microtiter plate. Primers and probe for B19V PCR
{synthesized by Ingenetix, Vienna, Austria) were high-
performance liquid chromatography purified to a purity
of‘greater than 90 percent.

The amplification program for GAPDH and B19V was
composed of reverse transcription of mRNA into cDNA

(50°C for 2 min and 60°C for 20 min) and subsequent PCR

amplification with an initial denaturation step at 95°C
for 5 minutes and 45 cycles of denaturation at 94°C for
20 seconds and annealing and extension at 57°C for
1 minute. Analysis of data generated was performed with
the TagMan software (SDS software Version 2.0, PE
Applied Biosystems) with a threshold of 0.07 ARn fluores-
cent signal (label, VIC).

B19V neutralization with plasma pools or IVIG

To investigate B19V neutralization at B19V IgG titers of
11 TU per mL or below, two single plasma donations that
had been tested nonreactive for B19V IgG were blended
with plasma from manufacturing pools (cryorich plasma)
to obtain defined titers between 0.4 and 11 IU per mL
B19V 1gG. The actual B19V IgG titers of these plasma

pool blends (4 and 111U/mL) were confirmed by -

ELISA (Novagnost Parvovirus B19 IgG-ELISA; NovaTec,
Dietzenbach, Germany). »

A quantity of 450 pL of plasma pool blends or original
plasma pool samples (cryorich plasma) were mixed with
50 uL of cell culture medium containing between 10? and
10* [U B19V. After incubation for 1 hour at 37°C, the entire
500-pL mixture was incubated on 10°,UT7/Epo-S1 cells for
7 days, before testing B19V infectivity by RT-PCR as
described above. To control for any potential complement
influence, neutralization experiments were also per-
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formed after incubation of B19V IgG containing plasma
samples at 56°C for 30 minutes before use. As a control,
B19V titers between 10? and 10" TU were incubated with
the two single plasma donations (both tested nonreactive
for B19V IgG and B19V) instead of the B19V IgG contain-
ing plasma pool blends or original plasma pools for each
experiment.

For each B19V IgG concentration used for neutraliza-
tion tests at least four (0.4, 4, and 11 [U/mL) or two (1 and
36 IU/mL) independent titrations were performed. A
human IVIG product (for Europe, KIOVIG {Baxter Health-
care Corporation, Westlake Village, CA]; for the United
States, Gammagard liquid [Baxter Healthcare Corpora-
tion]) was used in neutralization tests as described.
Because the original IVIG preparation had a B19V IgG titer
of 562 1U per mL (manufactured from plasma pools with a
mean B19V IgG titer of 40 IU/mL), dilutions ranging in
B19V IgG titer from 0.1 to 25 [U were prepared in 0.2 mol
per L glycine, the medium of the IVIG preparation.

The results obtained by duplicate TagMan RT-PCR
runs for each sample were analyzed qualitatively, that is,
crossing of the TagMan RT-PCR threshold of 0.07 ARn VIC
was scored positive while not exceeding that background
threshold was scored negative.

Statistical analysis

Statistical evaluation of B19V IgG titer frequencies in
manufacturing plasma pools (containing a few thousand
donations each), the calculation of B19V titers that
equaled 50 percent infectivity and unpaired t tests were
calculated with computer software (GraphPad Prism 4,
GraphPad Software, San Diego, CA).

RESULTS

Infection of UT7/Epo-S1 cells with B19V

Genotype 1 and 2

Although it had been shown that' B19V Genotype 1 infec-
tivity can be quantified by RT-PCR analysis of mRNA iso-
lated from infected UT7/Epo-S1 cells, it was suggested
that this same assay might not work for B19V Geno-
type 2.2 To reinvestigate the susceptibility of UT7/Epo-S1
cells for infection with B19V Genotype 2, cells were in
parallel exposed to either B19V Genotype 1 or B19V Geno-
type 2, and the following events were examined by immu-
nocytochemical staining and Western blot (Fig. 1).

~ Immunocytochemistry of cells prepared on Day 1
after B19V infection served as negative control that con-
firmed that inoculum virus was sufficiently removed. Cells
prepared on Day 3 after infection, however, revealed the
presence of newly synthesized B19V capsid- proteins
within infected UT7/Epo-S1 cells, after exposure to both
B19V Genotype 1 or B19V Genotype 2 (Fig. 1A). As sug-
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Fig. 1. Infection of UT7/Epo-S1 cells with B19V Genotypes 1
and 2. (A) Immunocytochemical staining of UT7/Epo-S1 cells
that were mock-infected, infected with B19V Genotype 1
(MOI, 10°) or B19V Genotype 2 (MOI, 10>} for 7 days. Original
magnification, x40. (B) Western blot of cell lysates from UT7/
Epo-S! cells. Lane 1 = negative control, mock-infected cells; -
Lanes 2 through 4 = B19V-infected cells; Lane 2 = Genotype 1
(MOI, 10%); Lane 3 = Genotype 1 (MO[ 10%;

Lane 4= Genotype 2 (MOJ, 10°). )

gested by Fig. 1A, and confirmed by counterstaining of
infected cells with methyl green (not shown), the VP1/VP2
staining was primarily confined to the nucleus. Quantita-

tively, approximately 10 percent cells infected with either

Genotype 1. or Genotypé 2 -were.positive on Day 3 after
infection. Seven days after infection UT7/Epo-S1 cells had

multiplied - to an . approximately . 10-fold higher .cell

number, yet the perce'mage of infected cells was still at
approximately 10 percent (data not shown).

The detection of B19V capsid proteins by Western blot
also confirmed the susceptibility of UT7/Epo-S1 cells to
infection with both B19V Genotype 1 and B19V Geno-
type 2 (Fig. 1B). The predominant B19V capsid protein
splice variant VP2 was clearly detectable for both B18V
genotypes at 7 days postinfection, although the signal for
Genotype 1 appeared somewhat stronger compared to
the signal for Genetype 2. This effect became more appar-
ent when the MOT'used for Genotype 1 was 10 times jower
than ‘that for Genotype 2 (Fig. 1B, Lanes 3 and 4). Cell
homogenates obtained during-Days:1 through 4 after

infection did not result in detectable Western blot signals,

confirming de novo synthesis of B19V proteins rather than
detection of residual inoculum virus particles. The detec-
tion limits of B19V infectivity determined by immunocy-
. tochemical staining and Western blot were for both
- approximately 10°1U B19V.
' The presence of B19V protems in mfected uT?/
Epo-S1 cells as now demonstrated for both B19V Geno-
type 1 and B19V Genotype 2 would, as a prerequisite,

require production of B19V-specific mRNAs, spliced .
exactly as during infection of humans? The presence of
these spliced mRNA species would then provide the basis

NEUTRALIZATION OF B19V

for detection of B19V infectivity by TagMan RT-PCR as
described under Material and Methods.

As expected, RT-PCR confirmed infectivity of B19V
Genotypes 1 and 2 for UT7/Epo-S1 cells. For an accurate
calculation of the BI19V PCR titer that corresponds to one
50 percent tissue culture-infectious dose (TCIDso), at least
eight replicates of the B19V titers that did not result in all
negative or in all positive RT-PCR results were analyzed
(Table 1). The respective TCID;, values obtained were
3.7 log 1U for B19V Genotype 1 versus 6.1 log IU for B19V
Genotype 2. .

Neutralization of B19V

Plasma manufacturing pools consist of typically several

thousand individual donations and at a B19V IgG sero-
prevalence of approximately 30 to 60 percent in the
plasma-donating population' statistically rather evenly
distributed B19V antibody-levels should be expected to
occur in plasma pools. To establish a statistically mean-
ingful estimate of the B19V antibody concentrations
present in plasma manufacturing pools, samples were
obtained from a total of 1174 pools, representing a few
million donations collected in either Europe or the United
States over the course of 2 years, to be tested for B19V
antibodies by ELISA."

As expected from the hlgh seroprevalence of B19Vin

the human populatlon, the analysis revealed a rather high
mean ELISA titer of 33 + 9 TU per mL (mean + SD) among
all the plasma pools tested, with a high of 71 IU per mL
and a low of 11 1U per mL (Fig. 2A). Although thus the
presence of a varying yet significant level of B19V antibod-
ies had been confirmed for a statistically relevant number
of plasma pools by ELISA, we sought to measure antibody
function—rather than presence—considering this clini-
cally more meaningful.

Neutralization of B19V infectivity in plasma pool

specimens was thus investigated, utilizing the detection of -

B19V infectivity by TagMan RT-PCR, after incubation in
the presence or absence .of defined concentrations of
B19V IgG as determined by ELISA. Of potentially the most
significant clinical importance, the B19V neutralization
capacity at the lowest ELISA titer ever found for a plasma

manufacturing pool in our investigation, that is, 11 IU per
ml, was investigated (Fig. 2A). The test material was -

derived by blending plasma manufacturing pool speci-
mens of higher B19V antibody titer (36-40 IU/mL B19V
IgG) with plasma donations individually screened to be
nonreactive for B19V IgG and B19V, to reach the ta:get
coricentration of 11 IU per mL B19V IgG.

The comparison of B13V Genotype 1 infectivity after

incubauOn with either B19V antibody-negative plasme_l_-

(control) or the plasma pool sample blended to contain
11 U per mL B19V IgG can be seen in Fig. 2B. For each

~ data point given in Fig. 2B, at least five infectivity tests
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TagMan RT-PCR*

TABLE 1. Infectivity of B19V Genotypes 1 and 2, detected by mRNA

assay setup. Although the available
sample volumes from these two specific

Detection of B19V infectivity
by mRNA RT-PCR

plasma manufacturing pools were
limited, only three neutralization assays

B19V (IU) for infection Genotype 1 Genotype 2 could be performed with the original
100 ot 8+ pool samples, demonstrating a mean
10° 2+ 12+ NCso neutralization capacity of 4.6 log
:8: g: Zg{:’;_ B19V IU per mL, thus confirming the
10° 184 54/5— results earlier obtained with the
10° 12+ 6- blended plasma samples.

}g; ?:g: :‘; To establish a dose-response rela-
102 10— NT tionship between the B19V neutraliza-
TCIDso (log) 37 6.1 tion capacity and the presence of B19V

sponding to 50 percent infectivity (TCIDso) was calculated.
NT = not tested.

* Seven days after infection of UT7/Epo-S1 cells with different B19V concentrations,
mRNA was isolated and subjected to TagMan RT-PCR. From the numbers of positive
(+) and negative (-) results obtained at certain virus dilutions, the virus titer corre-

antibodies as determined by ELISA,
samples at B19V IgG concentrations
higher than the 11 IU per mL or even
lower, that is, concentrations that never
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occur in plasma manufacturing pools,
were generated with the blending
approach described. These samples, at
B19V antibody concentrations between
0.4 and 36 IU per mL B19V IgG, were,
subsequently tested for their B13V neu-
tralization capacity (Fig. 3).

The NCs obtained for a plasma
sample containing an’ artificially low
0.4 IU per mL B13V antibody titer was
1.8 log BI9V. At 1 and 4 [U per mL B19V

10 20 30 40 50 60 70 01 2 3 4 5 6 7 8 9 10
B19V IgG (IU/mL) B19V (log IU)

Fig. 2. Neutralization of B19V by plasma manufacturing pools. (A) B19V IgG anti-
body titers of 1174 plasma manufacturing pools as determined by ELISA (IU/mL).
(B) Infectivity (%, detected by TagMan mRNA RT-PCR) of B19V samples on UT7/
Epo-S1 cells that were inoculated with 107 to 10° IU B19V (M) or 10° to 10" 1U B19V
incubated with 11 [U per mL B19V IgG before infection of the cells (O0). The differ-
ence in B19V concentrations that corresponds to 50 percent B19V infectivity

IgG, that is, still well below the lowest
B19V IgG concentrations ever observed
in a plasma manufacturing pool, 3.1 log
and 4.4 log B19V IU per mL were neu-
tralized, respectively. At B19V antibody
concentrations higher than the earlier
tested 111U, the demonstrable B19V
neutralization did just marginally

between the two sets of samples represents the NCs, of B19V IgG at 11 IU per mL.

have been performed to determine the percentage of
infectivity from the respective number of positive and
negative TagMan RT-PCR results. Compared to the TCIDso
of 3,7 log IU per mL for B19V Genotype 1 in the presence
of control plasma, incubation with the plasma containing
11 [U per mL B19V IgG increased the TCIDs, to a corre-
sponding B19V concentration of 8.2 log IU per mL. From
these results, the 50 percent B19V neutralization capacity
(NCso) for plasma containing 11 1U per mL B19V lgG could
be calculated, that is, the difference of both 50 percent
infectivity calculations, as 4.6 log B19V IU per mL.

To substantiate the relevance of this result that was
obtained by use of blended plasma specimens, samples
from the two original plasma manufacturing pools from
2004 and 2005, each containing only 11 IU B19V IgG per
ml, were also investigated in the same neutralization
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increase, showing a NCs of 4.9 log B19V
at 36 IU per mL B19V IgG.
Neutralization experiments with B19V Genotype 2
were somehow limited by the significantly higher limit of
detection for Genotype2 compared to Genotypel
(Table 1). Specifically, already at 11 IU per mL B13V IgG
the NCso was beyond the limit of detection for the method,
and the corresponding result was neutralization of greater
than 3.9 log for B19V Genotype 2. This level of neutraliza-
tion, however, was well comparable to the one earlier
observed for B13V Genotype 1. '
Because IVIG products are indicated for the treat-
ment of severe B19V infections, information about the
functional B18V neutralization capacity of such products
would be clinically relevant. Consequently, the neutraliza-
tion capacity of IVIG samples was tested. Because the
original IVIG preparation contained 562 IU per mL B19V
IgG (corresponding to 5.62 IU B19V IgG/mg IgG), predilu-
tion to contain B19V IgG titers between 0.1 and 25 IU was



required for evaluation by the neutralization assay. Coher-

ent with the results earlier obtained for plasma samples,
2.2 log infectious B19V were already neutralized by an
IVIG sample at 0.3 TU B19V antibody, and 5.2 log infec-
tious B19V were neutralized by an IVIG specimen diluted
to 8.4 TU B19V IgG..

Anti B19V titers in different manufacturing pools

Comparing the B19V IgG content of different US plasma .

manufacturing pools (pooled between January 5, 2004, to
November 18, 2005), prepared from either source plasma,
that is, collected by plasmapheresis, or recovered plasma,
that is, derived from whole-blood donations, we found
significantly different B19V IgG titers depending on the
plasma source: while recovered plasma pools (n = 48) con-
tained a mean = SEM titer of 43 * 1.5 IU per mL (range
22-71 IU/mL), source plasma pools (n=630) only had
31 = 031U per mL (range, 11-53 IU/mL). These differ-
ences were significant, as shown by analysis of the BI9V
antibody titers between source and recovered plasma
pools by unpaired t test (p < 0.0001; Fig. 4A). ’

*]

.4‘

‘NCs (log)

[ B

04- . v ' )

0t 1 10 100
B19V IgG (IU)

Fig. 3. Dose-response relation for neutralization of B19V. Rela-
tion of B19V infectivity NCs, (see Fig. 2) and concentrations of
B19V IgG ([U)f : :
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Whereas for the plasma pools so far tested for B19V
antibodies an industry voluntary standard® required lim-
iting the presence of B19V by PCR pretesting to less than
10° U per mL, a limit of less than 10* TU per mL B19V has
been mandatory for pools of anti-D plasma.?® Reaching
this lower limit requires interdiction of additional dona-
tions that contain B19V. As such donations might be
expected to also contain B19V antibodies,® it is conceiv-
able that the different PCR testing strategies applied for
regular versus anti-D plasma might also result in some-
what different B19V IgG concentrations.

Comparing the ELISA B19V IgG results, however, for
anti-D plasma (n = 16) and for regular US source plasma
(n=630), that is, plasma types that with respect to
B19V only differ in the respective cutoff limits for PCR
testing, they were not 31gn1ﬁcantly different (p 0.0694;
Fig. 4B).

DISCUSSION

~ With the emergence of the A6 and V9 erythroviruses, %

that is, viruses that have now been reclassified as B19V
genotypes, a useful assay for quantification of B19V infec-

. tivity should also be capable of qué.ntifying these geno- -

types or at least Genotype 1 as the by far most prevalent
and Genotype 2 that has been shown to—more rarely—
also occur in plasma for fractionation. In contrast to an -
earlier suggestion that UT7/Epo-S1 cells mhightnot be sus-
ceptible to B19V Genotype 2,2 infection of UT?7/Epo-S1 =~

- cells by both B19V Genotype 1 and Genotype 2:is demon-

strated in the current work. This apparent dlscrepancy
with earlier results is likely due to human immunodefi- -
ciency virus coinfection of the earlier used Genotype 2. ..

’ 'B19V specimen and its heat inactivation before use inthe .
B19V study, a procedure that possibly would inactivate.. .
"B19V infectivity.'® Even in our study, however, the detec-

tion of B19V Genotype 2 by Western blot was approxi-
mately 10 times less sensitive compared to Genotype 1,..+
and with the TagMan RT-PCR B19V the limit of detection
for Genotype 1 was approximately 100 times lower than
for Genotype 2 (Table 1). For- the
RT-PCR assay, this difference ‘was init -
tially considered to be the consequence”
of a few mismatches of the primers used:
v for B19V Genotype 2. Another set of
—— primers ‘'was therefore designed and
tested, specifically designed for the
sequence of the B19V. Genotype2
sample. used.” Even with -those,
however, the same detection limit was

Mean B19V igG titer (IU/mL.)
8

Mean B19V IgG titer (IU/mL)
&

us recovered (48) US source (630)

Fxg 4. Compaﬁson of mean B19V IgG ﬁters in plasma manufacturing pools, pro-
duced in 2004 and 2005, by unpaircd t test. (4) US source (n = 630) versus US recov-
. - ered (n = 48), p < 0.0001. (B) Anti-D (n = 16) versus US source (n = 630), p=0. 0694.

an«i: “ 6)

determined as with the Genotype 1 spe-
cific primers, suggesting that B19V
Genotype 2 infects UT7/Epo-S1 cells
somewhat less efficiently compared to
B19V Genotype 1, a possible explana-

US source (630)
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tion also for the Western blot discrepancy between the two
genotypes. Genotype 1 B19V was detected with one
TCIDs, corresponding to 3.7 log IU, that is, well in agree-
ment with results from other investigations.'>!%%

Owing to the high prevalence of B19V in the popula-
tion, the titer of anti-B19V in plasma pools for manufac-
turing was anticipated to be high and rather constant.”
Data on B19V IgG in plasma pools available so far,
however, were rather limited, with only 20 to 66 plasma
pools investigated with mean (+ SD) B19V IgG contents
ranging from 29.8 * 17.2 to 64.7 * 17.51U per mL.""
Here a total of 1174 plasma pools were analyzed, repre-
senting a few million donations collected over a period of
2 years in both the United States and the European Union,
which revealed a mean (* SD) B19V IgG titer of 33 = 9 IU
per mL. Of all these pools, the minimum B19V IgG titer
ever found was 11 [U per mL. In the following series of
neutralization experiments, correlating the presence of
B19V 1gG (ELISA) to functional capacity and/or neutral-
ization, B19V Genotype 1 neutralization by B19V IgG was
found to be dose-dependent with a neutralization capac-

ity greater than 4 log B19V already at only 4 TU per mL,

that is, an artificially low antibody concentration com-
pared to the naturally occurring minimal concentration
in plasma pools (11 [U/mL B19V IgG). A neutralization
_capacity of greater than 4 log has also been shown for
higher B19V IgG concentrations, at up to 36 IU per mL.
Neutralization of B19V Genotype 2 with 11 IU per mL
B19V IgG was likewise shown to be greater than 3.9 log,
although a more exact quantification was limited by the
higher limit of detection for B19V Genotype 2 in the assay
used. In agreement with this, other neutralization experi-
ments with the KU812Ep6 cell line also showed neutral-
ization of more than 4 log B19V infectivity by less than
351U per mL B19V 1gG.® In contrast to our study,
however, only single plasma donations instead of plasma
manufacturing pools were investigated. Even for these
individual samples, Blumel and coworkers® have indi-
cated B19V antibody cross-reactivity for different B19V
genotypes. Based on the contribution of many thousand
donors for any plasma manufacturing pool, it can be
expected that an even broader range of different B19V
genotypes can be neutralized with B19V IgG from plasma
pools, a perspective of particular importance for the B19V
neutralization capacity of IVIG products produced from
these pools. An experimental comparison of the neutral-
ization capacity of plasma manufacturing pools and IVIG
showed that with only 8 TU B19V IgG contained within an
IVIG sample greater than 5 log B19V were neutralized. A
similar degree of B19V neutralization can also be extracted
from recent work by another group.?

Although several reports have described the trans-
mission of B19V through plasma derived products, the
amount of BI9V that represents an infectious dose in
humans is not yet clear. In one anecdotal B19V transmis-
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sion episode, however, solvent/detergent—treated plasma
that contained 107 genome equivalents (geq) B19V per
mL in the presence of at least 8.8 IU per mL B19V IgG
transmitted B19V, while no transmission occurred at a
B19V load of 10°° geq per mL or less.3*3! This observation
is in good agreement with our neutralization experiments
that have shown neutralization of more than 10* {U per
mL B19V by even only 4 [U per mL B19V IgG (Fig. 3; note
that according to an internal validation, for the B19V
Genotype 1-positive donation used in this study, virus
quantification in [U is equivalent to geq).

The even higher B19V neutralization capacity as
shown for an IVIG product compared to plasma pools
would also support the use of IVIG as treatment for fulmi-
nant B19V infections, based on the potent neutralization
efficacy.® To extrapolate our data from in vitro neutraliza-
tion of B19V by IVIG to the clinical situation, we made a
comparison with the amount routinely administered
during common variable immune deficiency treatment,
that is, 100 to 400 mg immunoglobulins per kilogram of
human body weight. With a typical volume of 84.4 mL
blood per kilogram of body weight,3 the TVIG preparation
(containing immunoglobulins at 10%) is diluted 1:84 to
1:21 during common variable immune deficiency treat-
ment. Because the IVIG preparation investigated in this
study contained 562 IU per mL B19V IgG, the concentra-
tion of B19V IgG in the human blood after administration
would be 7 to 27 IU per mL. We have shown in vitro neu-
tralization of more than 5 log infective B19V with 8 [U
anti-B19V IgG, thus indeed indicating efficient protection
from infection with B19V conferred by IVIG.

Evidence exists to suggest that the prevalence of B19V
IgG in the population constantly increases with age.” In
this context, our analysis of BI9V IgG titers in plasma.
pools from recovered and source plasima that revealed a
significant difference of mean B19V IgG titers may be
caused by a difference in the age structure of plasma
donors and blood donors. A B19V nucleic acid test (NAT)
limit of less than 10° TU per mL B19V in plasma pools has
been implemented by manufacturers of plasma deriva-
tives as a voluntary standard some’iyears ago.” Since the
introduction of tyh‘at test fimit, no B19V transmission by
plasma-derived products manufactured according to the
standard has been observed, to our knowledge. The recent
tendency toward tightening the B19V PCR test limit to less
than 10*IU per mL, which would require interdicting
donations that contain lower levels of B19V but may also
contain B19V IgG, carries the possibility of also resulting
in lower concentrations of B19V IgG in plasma for frac-
{ionation.® A direct comparison of plasma pools for which
a B19V NAT test limit of 10* IU per mL has been imple-
mented by regulatory requirement (anti-D plasma®) with
plasma pools tested to comply with the Plasina Protein
Therapeutics Association voluntary B1SV PCR testing
standard of less than 10°IU per mL (US source plasma)



did, however, not reveal any significant difference in B19V
IgG titers. This suggests that lowering the B19V PCR test
limit to 10° TU per mL would not impair the B19V neutral-
ization capacity contained in plasma pools and thus also
IVIG products. Also, although our data show that even at
the lowest B19V IgG concentrations determined for a
plasma pool of greater than 10* [U per mL B19V are neu-

tralized, the combination between uncompromised B19V

antibody levels and further reduced B19V loads in plasma
manufacturing pools might even enhance the safety
margins of plasma products as primarily afforded by the
virus reduction capacity of their manufacturing processes,
particularly for IVIG that has already enjoyed a long-
standing history of safety with respect to B19V transinis-
sion® and other antibody-containing products.
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Background and Objectives Parvovirus B19 (B19V) DNA screening has been introduced
to comply with European regulations for certain plasma products. Current commercial
and some in-house B19V DNA assays fail to detect or under-quantify the recently
identified genotypes 2 and 3. In this report, we describe 2-year éxperience with B19V

~ DNA screening using the commercial assay from Roche (detecting only genotype 1)

combined with an in-house assay (detecting genotypes 1, 2 and 3). This dua! testing
approach enables the identification of molecular variants of B19V.

Materials and Methods Between 2005 and 2007, approximately 2-6 million plasma
donations were screened for B19V DNA loads exceeding 10° IU/ml using the Roche
and the in-house real-time polymerase chain reaction assay.

Results A total of 232 plasma units were identified with B19V DNA loads above 10°
[U/ml. Concordant results were observed for the majority of B19V positive samples;
however, three of these showed discrepant results between the two ‘assay systems. One
was a B19V genotype 2 strain not detected by the Roche assay; another was a B19V
genotype 1 strain with a mismatch in the 3’-end of the reverse primer and therefore
under-quantified by the Roche assay; and the third one was also a B19V genotype 1
strain that gave an unusual amplification plot in the in-house assay due to a mismatch
in the probe-binding site.

Conclusions New, high viral load, B19V genotypes 2 and 3 infections are rare in blood
donors tested by Sanquin. One case was found while testing 2-6 million donations.
The prevalence of B19V genotype 1 variants not detected by.commercial or in-house
assays might be in the same range or even higher than the prevalence of B 19V genotype
2 viruses, which remain undetected.

Key words: B 19V genotype 2, parvovirus B19 DNA, screening, real-time _PCR.

The level of B19V DNA in these manufacturing  pools

Introduction

In 2004, European regulations came into force to limit the
potential parvovirus B19 {B19V) burden in plasma pools
" for the manufacture of human anti-D .immunoglobulin
* and pooled human plasma treated for virus inactivation [1].
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~ E-mail: m koppelman @sanguin.nl
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should not exceed a threshold concentration of 10 000 TU/ml.

To comply with these requirements, the plasma fractiona-

tion industry set up a screening system to prevent plasma

“units with high B19V DNA loads from entering large

manufacturing pools. Most of the industry have introduced

< systems in which donations are prescreened in test pools

of 480-960 donations [2-4]. When the B19V DNA level in
a test pool exceeds the defined exclusion limit, the index
donation is traced using a break-down protocol to smaller
test pools.

€~ ~
<
~



Detection of B19V with real-time PCR assays 209

Donor screening for B19V DNA requires quantitative
nucleic acid amplification tests (QNAT) because donations
exceeding a defined exclusion limit must be identified and
subsequently removed. Several in-house and commercially
available gNAT assays have been developed for this purpose
between 1999 and 2004 [2,5,6). Two commercial assays from
Artus (RealArt Parvovirus B19 LightCycler PCR kit) -and
Roche (LightCycler Parvovirus B19 DNA quantification kit)
are currently on the market for quantitative detection of
B19V DNA.

In parallel with the development of gNAT assays for B19V
DNA, several virus strains have been identified that show
greater sequence diversity than that was previously recognized
for B19V. {7-10). Phylogenetic analysis of B19V and these
related-variants showed that the viruses fall into three
genotypes [10]. The prototypical sequences for B19V fall
into genotype 1; genotype 2 viruses include A6 [7] and LaLi
[0}, while genotype 3 viruses include V9 [8] and D91-1 {10].
In the eighth report from the International Committee.on

the Taxonomy of Viruses (ICTV), A6, LaLi and V9 have all .

been classified-as strains of B19V [11]. The consequence of

 this official classification is that detection of these twa

néw genétypes of B19V is now mandatory according to the
European regulations for ‘in process testmg of manufacturing
pools for B19V DNA.

Detection of these recently classﬂ"led B19V genotypes 27

and 3-with commercial assays and m—house assaysislimited.

Several publications and the proficiency testing studies (PTSs).

organized by European Directorate for the Quality of
Medicines (EDQM) showed that commercial B19V DNA
assays and several in-house assays have issues with the
- detection and/or quantification of B19V genotypes 2 and 3
strains. The Artus B19V DNA assay reliably quantifled BI9V
genotypes 1 and 2 and some genotype 3 subtypes. However,
one of the genotype 3 B19V subtypes is under-quantified by

at least 3 logs [5,12,13]. The Roche assay reliably-quantifies -

B19V. genotype 1, but fails to detect genotypes 2 and 3
[2,5,12,14]. These findings are also reflected in the recent
PTSs [12]. In the study performed in 2004 (PTS052), 56%
of the laboratories that participated missed the B19V geno-
type 2 sample. The study organized in 2005 (PTS064)

~ showed that 41% of the participants missed the B19V"

genotype 2 sample. In the latter study, 25% of laboratories
using: in- house assays were unable to' detect the B19V
genotype 2.

‘The Roche B19V DNA .assay has been used for screening
all plasma, in test pools of 480 donations {2]. As the Roche
assay fails to detect genotypes 2 and 3 of B19V, an additional
assay able to detect and quantify all three genotypes of B19V

was introduced in 2005 [5]. Currently, all donations ate tested -

-in parallel with- these two B19V DNA assays. This study
reports the results of 2-year experience using the dual testing
approach on more than 2-6 million donations.

© 2007 The Author(s)

Materials and methods

B19V DNA testing of plasma

Between March 2005 and March 2007, Sanquin tested
approximately 2-6 million blood donations for B19V DNA
load. Plasma was tested in test pools of 480 donations and in
manufacturing pools. Test pools with B19V DNA loads above
5000 IU/ml were subjected to further testing to track down
the index donation(s).

Commercial and in-house B19V DNA real-time

‘polymerase chain reaction amplification

Nucleic acid' from manufacturing pools, test pools and
individual donations (0-1-1-0 ml plasma input) was isolated

.using the NucliSens extractor (NucliSens, bioMerieux,
Boxtel, The Netheriands) [15].

Two real-time polymerase chain reaction (PCR) assays

~were performed with the LightCycler instrument (Roche

Diagnostics, Mannheim, Germany} on the same nucleic acid

_ extract. The first assay was the BI9VDNA quantification assay . _

from Roche. This assay amplifies a fragment within the non-
structural protein (NS1} gene [2). The amplicons are detected
with hybndlzatlon probes. The second assay wasan in-house
developed BIBV DNA assay with primers (EVF and EVR; see
Table )and TaqMan probes in the NS1 region. This assay was
adapted from Bayhs et al. [5] and reliably détects and quantifies

".B19V genotypes 1, 2 and 3. To improve the robustness of the in-

house TagMan assay, a modified hydrolysis probe was mcluded

" The modified probe had an identical DNA sequence; however,

locked nucleic acid {LNA) bases were incorporated at specific
sites {16,17]. The sequence of the modified TagMan probe
is as follows, with LNA bases shown underlined: 5’ (FAM)-
AAC.CCC.GCG.CTC.TAG.TAC-(BBQ3) 3'. The sensitivity (95%
detection limit) was similar for both B19V DNA assays and

. was approximately .100 IU/m! {data not shown)

B19V DNA sequence analysis

Purified PCR products were sequenced w1th the ABI PRISM
BigDye. terminator cycle sequencing ready reaction kit
(version 3-0) according to the manufacturer’s instructions
(Applied Biosystems/Hitachi, Nieuwerkerk a/d 1Jssel, The’
Netherlands).'Sequence analysis was performed 'on’ the ABI

" PRISM 3130x1 Genetic Analyser. Table' 1 shows the panel of
: primers used for Sequeneing in thisst’udy._

Determmatxon of target and probe-bmdmg regions -
in the Roche BIBV DNA assay

In order to determine the region in the B 19V that is targeted by
the Roche assay, the assay was performed using the 10 000 U/ml

Journal compilation © 2007 Blackwell Publishing Ltd., Vex Sanguinis (2007) 93, 208-215
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Primer (forward .
Sequence (5'—3')

Nucleotide position

Table 1 Panel of primers forsequencing of B19V
{NS1~VPu region}

of reverse) in AF162273 Reference
P2(f) AAA.CTAGCAATTTATAAAGC 1392-1411 This study
P3(f) TGG.ATT.GATAAAAAATGTGG 15511570 This study
P4 (f) T16.6TG.GTC.TGG.GALGAA GG 1716-1735 This study
PVB-3 (f) ATAAACTACACLTTI.GATTICCCIG 2052-2076 {20}

EVF () AAT.GCAGALGCC.CTC.CAC 2082-2099 fs]

EVR (1) ATG.ATT.CICCTG.AACTGG.TCC 2254-2274 [s1

PV-1 (f) GGACCA.GTT.CAG.GAG.AALCAT 2254-2274 This study
V-2 (f) GCTIGG.TATAAT.GGA TGG.AA 2481-2500 This study
PV-3 {1} CCA.GAC.AGG.TAAGCA.CALTT 2583-2602 This study
PV-4 (f) TTTGACTTAGTTGCT.CG 2800-2816 This study
PV-5 () TGAAAATGATGA.CTATATA 2849-2867 This study
B19SR (1) CCAGGCTTG.IGTAAGICLIC 2959-2978 [20]

\

B 19V run control. In this instance, the intemal control from the
kit was not added prior to extraction. DNA sequence analysis
was performed to identify the location of the B19V amplicon
in the viral genome. The sequence of the probe-binding region
for the B19V was determined by comparing the sequence of
the B19V amplicon with the sequence of the internal control
amplicon (amplified in the absence of B19V DNA).

,IB‘VIV'BV genotyping

“Viral DNA for genotyping was obtained by PCR amplification
of a 1587-bp fragment spanning the NS1-VP1u junction in the
" B19V genome with primers P2f and B19SR (see Table 1). This
fragment overlaps the PCR fragments amplified by the Roche
and the in-house assay. Both DNA strands were sequenced
with thé panel of 12 sense and antisense oligonucleotides.
Phylogenetic analysis was performed using the Vector
NTI 10-1-} software package (Invitrogen, Carlsbad, CA, USA)
and the Molecular Evolutionary Genetics Analysis software
(MEGAZ2-1: Arizona State University, Tempe, AZ, USA).
Neighbour-joining phylogenetic analysis was performed
on a 1536-bp fragment (nucleotides 1436-2971 in AF162273).
Nucleotide distances were calculated. using the Kimura 2-
parameter mode] using the bootstrap test with 1000 replicates.
The following B19V sequences from GenBank were used
as reference sequences: BI9V genotype "1, AF161226,
AF162273, AY504945, DQ293995, M24682, M13178; B19V
genotvpe 2, AJ717293, AY064476, AY064475, AY044266,
' AY903437,D(333426, EF216869; B1 9V genotype 3, AJ249437,
AY582125, AY647977, AY083234, AX003421, DQ234769,
DQ234779, DQ408305, NC-004295.

Nucleotide sequence accession numbers

The GenBank accession numbers of the nucleotide sequences
~ of the B19V variants analysed in this study are EF151136

(strain 163429), EF151137 (strain 903321), EF151138 (strain
207458) and EF216868 (strain F8-87-A).

-

Results

Identification of B19V genotypes 1 and 2 strains in
plasma samples

Between March 2005 and March 2007, 2-6 million donations

. were prescreened for B19V DNA -using dual assay testing

approach. B19V DNA screening of test pools aims to identify
donations with B19V DNA loads above 10°IU/ml. During the
2-year study peﬁod, 232 donations were -identified with
B19V DNA levels exceeding 10® IU/ml. Thus, donations with
loads above the exclusion level occur with a frequency of
about 1 in 11 000 in this donor population. In three cases
(1-3%), discrepant results between the Roche ‘and the in-
house B19V DNA test were found (Table 2). Plasma sample
207458 is a donation undetectable by the Roche assay;
however, it is found to have a viral load of 3 x 107 IU/ml in
the in-house assay. The second sample, 163429, is a donation
containing 10° TU/ml B 19V DNA in the Roche assay. In contrast,
this donation was'hardly detectable by the in-house assay in
the original test pool of 480 donations. Also at the individual

Téble 2 Discrepant cases between the Roche and the in-house parvovirus
B19 (B19V) DNA assay ’

Viral load .
Sample {Roche assay} Viral load (infhousé assay)
. 207458 Notdetectable . 3 x 10 |Ufmi
163429 1x10% Ufmi Hardly detectable and not quantifiable®
903321

77X 1020fml 3 x 10410/ml

*Individual donation testing revealed a shallow amplification curve’
(see Fig. 1a).

. © 2007 The Author(s)
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_ Fig. 1 Ampllﬁeatlon plots obtained with the in-house assay under normal
) ) condmons usmg a TaqMan probe labelled wgth FAM/TAMRA and used at’

T 02um [5] (a) and the assay performed uider normal conditions using a locked
nucleic acid (ENAJ probe Tabélied-with FAM/BBO3 and issed at 002 ],m b).

donatxon level it was hardly detectable when the routine

: procedure (ﬁt—pomts method) was used for calculation of the
crossing-point. When the crossmg~pomt was calculated with
an altemative method {second derivative maximum method],
the value of the crossmg-pomt was comparable to the one
obtained with the Roche assay. The amplification plot of sample
163429 obtained with the in-house assay. showed_ a very
shallow amplification signal (Fig. 1a). The third case, 903321,
is'a plasma sample with an almost 100-fold difference inload
between the Roche and the in-house assays.’

" B19V genotyping

In each case, the sequence ofa 153 6—bp fragment overlappmg
the NS1-VP1 reglon of B 19V was detérmined and aligned
withB 19V genotype 1, 2and3 sequences from GenBank. This

.. alignment was used to construct a phylogenetlc tree as shown -

in Fig. 2. The tree cleady shows that cases 163429 (not detected
. by thein-house assay) and 903321 {not detected by the Roche

_ assay) are strains of B19V genotype 1 and that'case 207458 -
(not detected by the Roche assay} isa B19V genotype 2 strain.

" © 2007 The Author(s)
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Molecular basis of the discrepant results

Initially, it was necessary to determine the region of the B19V
genome targeted by the Roche assay. The amplified B19V
product from the Roche assay was sequenced and found
to correspond to a 177-bp region of the B19V NS1 gene
{nucleotides 1552-1708 of the reference strain HV; accession
number AF162273). It was assumed that the primers used in
the Roche assay were 25 bp in length. In order to identify the
probe-binding region for the Roche assay, the DNA sequence
of the internal control amplicon from the Roche assay was
determined. This revealed that the internal control corre-

"sponded to the wild-type B19V sequence with the exception

of a 52-bp insert derived from the human telomerase RNA
gene (nucleotides 881-932; accession number AF047386).

“This insert is four nucleotides longer than the cormesponding

wild-type B19V sequence it has replaced (i.e. nucleotides
48-94 of the wild-type B19V PCR fragment). This 46-bp

. sequence is considered to represent the hybridization probe—

binding region of the Roche B 19V DNA assay.
Figure 3 - shows sequence alignments .of the relevant

. regions.of the PCR fragments (primer and probe-binding .
sites) of the Roche assay (a) and the in-house assay (b).

With respect to the Roche assay, there are a considerable’
number of mismatches in both the primer and.the probe- b
binding regions of B19V genotypes 2 and 3 sequences

.(Fig. 3a). The forward primer contains three mismatches. The
,-.Teverse primer contains.one mismatch in the B19V genotype
3 strain and two mismatches:in the B19V.genotype 2 strain.

Notably, one mismatch (C—T) in the B19V genotype 2 reverse

. primer sequence is located at or near the 3’-end. Mutations

at the 3'-end of a primer may result in no amplification. This
is the most likely reason why sample 903321 is not detected
by the Roche assay. Although sample 903321 is a B19V
genotype 1 strain, it harbours the B19V genotype 2 typical
C—-T-mismatch in the reverse pfimer. In this case, the
mismatch probably leads to inefficient amplification rather
than no amplification at all. This has.been reported for the
A6 genotype 2 B19V strain [5). Inefﬁc_ie]ftcampliﬁcation‘

-, could explain the 100-fold difference between the Roche.and
.. the in-house assay. In order to investigate this further, sample
-903321 coniaim'ng 30 000 IU/ml (in-house assay) and.the
;'-'Iun gontrol containing 10 000 IU/ml were amplified, using

the Roche assay in the absence of the internal control. Both

-.amplicons were analysed by agarose gel electrophoresis and
. staining with SYBR green. While it was clearthat amplification

had occurred, the stained ba_hd of sample 903321 was of
reduced intensity compared to the run control, suggesting -
that the C—T mutation caused inefficient amplification (data
not shown).

The probe-binding region of the Roche assay contains six
mismatchesin the B19V genotypes 2 and 3 sequences [Flg 3a).

"These six’ mxsmatches only partly explain the detection '

" Journal compilatlou © 2007 Blackwell Publishing Ltd., Vor Sangurms {2007) 93, 208—21 5
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Al249437
AX003421
NC-004295 (V9)
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_—Eoozsnes
DQ408305
—— AY083234 (D91-1)
4——{{__‘ AY647977
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AY064475 (A6-2)
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EF151138 (207458)
AJTI7203 BIOV gt2

-EF216869
AY044266 (LaLi)

© AY803437 (IM-81)
DQ333426

_EEF151136(183429) .
EF151137 (903321)

DQ293995
AY504945 (NA"‘")/ _ BI9Vgtl ﬁg. 2 fhylogenreti»c tree of parvovirus B19
— AF161226 (B19V) DNA sequences from three B19V variants
M13178 (Au) {903321, 163429 and 207458) and B19V DNA
AF162273 (HV) sequences with published genotypes from
M24682 GenBank. The sequence of a 1536-bp fragment

corresponding to part of the NS1-VP1 region was

0-01 used to create the tree.

(a) Roche B19V DNA assay

FORWARD PRIMER
B19YV GENOTYPE 1

B19V run contral -

903321 R
163429 - e
819V _GENOTYPE 2 e TecAmm e o T setm—— T mm i e SR G--
207458 B L S S e e ey ) B S GREREL N T U G--
B19V_GENOTYPE_3 e TecAmmmm e Gmmm oo mm T--- G

(b) In-house B19V DNA assay

FORWARD PRIMER

B19V GENOTYPE 1
819V run control -
. 903321 @ s --

B1 TYPE 3

Fig. 3 Sequence of primers and probe-binding region of the Roche (a) and the in-house (b) 819V DNA assay§ The B19V genotype t sequence AF162273 was
used for reference B19V sequences of samples 903321, 163429 and 207458 wcrealignéd with the corresponding regions from B19V genotype 2 (A6 strain;
AY064476), B19V genotype 3 (V9 strain; AX003421), and the B1SV DNA run control. The length of both primets of the Roche test is assumed to be 25 bp.
Identical nucleotides as compared to the reference sequence are indicated (-). »

With resp.e{:t to the in-house assay, sequence analysis of
sample 163429 (BI9V genotype 1) revealed a mismatch

failure of the B19V genotype 2 sample 207458. In addition,
the sequence of 207458 harbours three mismatches in the _

forward primer and the alréady mentioned C—T mismatch in
the reverse primer. Of note, Fig. 3a also shows that the six
mismatches in the probe-binding region are probably the

main reason why the Roche assay is unable to detect B19V ’

_ genotype 3 strains.

* (C>T) in the probe-binding region (Fig. 3,b)\. This mismatch
" appears to have led to a dramatic destabilization and a

decreased hybridization temperature of the TagMan probe.
Indeed, the amplification signal of this sample could be partly
restored when the standard annealing temperature of 60 °C

© 2007 The Author(s)
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was lowered to 58 or 56 °C (data not shown). The same
polymorphism was identified in a commercial factor VIII
preparation {coded F8-87-A) produced in the USA with an
expiry date of 1987. It was found to give a very shallow
amplification plot very similar to that observed for the
plasma 163429 (Fig. 1a).

Evaluation of a modified version of the in-house
TagMan assay

The in-house B19V DNA assay was performed using two
different versions of the TagMan probe. The original probe
[5} was compared with a modified version containing LNA
bases. In the modified probe, LNA bases were incorporated
away from the site of the C—T polymbrphism observed in
strains 163429 and F8-87-A. The LNA bases were included
to enhance hybridization to the target sequence by increasing
thermal duplex stability and resulting in improvement of the
amplification plot. Figure 1a,b shows the results where .the
two versions of the probe are compared. These amplification
plots for strains 163429 and F8-87-A now appear very
- similar to the wild-type.samples. There were mo differences
observed in the amphﬂcatxon and detection of the B19V
 controls whether the original version of the TagMan probe
was used or the one containing LNA bases.

Discussion.

We applied a commercial (Roche) and an in-house B9V NAT
assay for the prescreening of more than 2-6 million donations.
The' Roche assay ‘was developed prior:to the 1dent1fxcatlon of
B19V genotypes 2 and 3 and therefore only detects B19V
genotype 1. The in-house assay was designed to include
genotypes 2and 3. Three high load B19V DNA samples were
identified that gave discordant results between the two B19V
DNA assays. Two of these samples (903321 and 163429) were
classified as strains of B1gV .genotype_ -t. Orie -of .them
{207458) was classified as B19V genotype 2 strain. To our
knowledge, this is the second publication on B19V genotype
2DNA ina donation of European origin. The first report came
from Germany [18]. The condusion from our study is that
new, high viral load B19V genotype 2 infections are rare
among blood donors tested by ‘Sénquin,vwith only a single
case identified in 2-6 million donations. This study confirmed
the results from an earlier study, in which 321 manufacturing
pools (representing more than 950 000 donations from The
“Netherlands) were tested with a genotype 2- anid 3-spec1f1c
‘PCR assay and no'reactive pools were found (data not shOwn).
Several previous studies indicated that the prevalence of
“B19V genotypes 2 and 3 is very low among blood donors

from Europe Heegaard et al. [19] found no B19V genotype 3

" sequences in 100 000 Danish blood donations, Hokynaret al.

{14) analysed 140 160 Finnish b_lood donations and did not _

© ©2007 The Author(s)

reveal any B19V genotype 2 or 3 positive donations. Candotti
et al. [20] screened donations from the UK and sub-Saharan
Africa for the presence of B19V genotypes. Genotype 3 B19V
was found to be prevalent in donations from Ghana. Dona-
tions originating from the UK, Malawi and South Africa only
harboured B19V genotype 1 sequences. Baylis et al. [5] tested
52 plasma pools from nine different manufacturers and did
not detect any B19V genotype 2 or 3 sequences. These
manufacturing pools were sourced from donations collected
in Europe and North America. The study of Gierman ef al.
[21] representing a total of 1-5 million donations for US
source plasma did also not reveal any B19V genotypes 2 and
3 sequences. ’

B19V genoiype 2 sequences have been sporadically found
in final container plasma products. Schneider et al. [22]
reported B19V genotype 2 sequences in five out of 202 (2-5%)
batches of clotting factor concentrates. Recent studies in
looking at the persistence of B19V in tissue samples collected
in Europe have suggested that in those people born before
1950, either genotype 1 or 2 B19V were found to be .pméent,
while those born after this date were predominantly infected

with genotype 1 B19V [23])..This may explain why genotype-- - -

1 B19V is found so widely in the current blood donor popu-
lation. This study focused on high load B19V infections
rather than-low load persistent infections. As the prevalence
of low loads of B19V DNA in blood donors is around 1% {20},
our study cannot exclude that there might be a significant’
number of B19V genotype 2 persistent infections, especially
in.older blood donors. '

From the previously published studies [5,12,14], it was
already known that .the Roche assay was unable to .detect
B19V genotypes 2 and 3 variants. This study unravels the
molecular reasons for this detection failure. With respect to
both genotypes 2 and 3 B19V, there are three'mismatchies in
the region of the forward primer. In the case of the reverse
primer, there is a single mutation in genotype 3, while there

- are two mutations for genotype 2; one of these mutations is

located at or very near the 3'-end of the primer region. This
accounts for observations made in our previous study and in
this present one, where there is a reduction in the ampliﬂcation

- of genotype 2, when analysed by gel electrophoresis and

compared to genotypes 1and 3 {5). While all three genotypes

. are amplified in the PCR, genotypes 2.and 3 are not detected

m the real-time assay format, generating no amphﬁcanon
plots. This failure is a consequence of six mismatches found
to be present m the region bound by the hybndlzatlon probes
with these virus genotypes.

Two discrepant samples were classiﬁed as BI9V genotype
1. Sample 903321 was under~quant1ﬁed by 2 logs.in the
Roche assay due to one mismatch at or near the 3'-end of

“the reverse primer. The other sample 163429 was not detected
" by the in-house assay because of one mismatch (C—T)in the

probe-binding region. This B19V polymorphism was also

. Journal compilation © 2007 Blackwell Pubhshmg Ltd., Var Sanguinis (2007) 93, 208-215
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detected in a clotting factor VIO concentrate manufactured
inthe 1980s. Recently, Baylis et al. [24] showed the effects of
certain mutations in the binding site for TagMan hydrolysis
probes. The conclusion of this study is that the amplification
signal correlates with the number of mismatches present
in the hydrolysis probe. A single mismatch (G—A) in the
wild-type probe-binding region only had a minor effecton
the amplification signal. Where four mismatches were present,
no amplification signal was observed. Interestingly, none of
the described. mismatches were C—T changes. This might

explain the more dramatic results of our B19V variant where -

a single mismatch (C—T) caused an unexpectedly dramatic
effect. Detection problems due to one C—T mismatch in the
TagMan probe have been described by Teupser et al. [25]. The
C—T mismatch found in this study led to the misclassification
of a polymorphism in the cholesteryl ester transfer protein. It
appears that this particular mismatch can lead to dramatic
destabilization and decreased hybridization temperature of
the TaqMan probe. It is likely that the position of the mismatch
within the probe and the adjacent nucleotides also plays a
role. The in-house assay was designed to a region within the
NS1 gene conserved between all known genotypes of B19V

" [5]. The identification of a polymorphism within this conserved

region was unexpected. In order to improve the robustness
.of the in-house assay, the TagMan probe was modifted to

‘incorporate LNA bases that counter for the effect of the C—»T -
‘mutation by increasing the thermal duplex stability. In -

preliminary studies, the specificity and dynamic range of the
test appear not to be inipaired by the introduction of these
modified nucleotides and more extensive validation studies
are in progress.

Our study also shows that amphﬁcatxon curves generated
with real-time PCR assays should be interpreted with great
care. Sequencing analysis should be performed where

--unusual amplification patterns are observed.

A systematic approach to find molecular variants of B19V,
undetectable or under-quantified with an established PCR
assay can be achieved by using a second independent PCR
assay. This study of B19V variants uses a generic extraction
of nucleic acid. Subsequently, two different parts of the NS1
region are amplified to detect and quantify B19V.

It has recently been shown that the variation within the

B19V genome is greater than that was previously believed

[26]. Indeed, it was found that B19V had a surprisingly high

rate of evolutionary change, at approximately 10~ nucleotide
substitutions per site per year. These observations, together
with the data presented in this study, indicate that the variation
inthe B19V genome should be carefully monitored. Constant
monitoring of B19V sequences in the population will help
to ensure that primers and probes, based upon conserved
sequences, are still applicable when variant viruses are
identified. The nature of the genetic variation ranges from
the identification of new genotypes, through to single

=]

nucleotide polymorphisms that can affect assay performance.
Where new viral variants are identified, and this extends
beyond B19V, kit manufacturers are faced with validation
and regulatory challenges to vary existing tests or introduce
new ones. Such changes impact upon the end-users
implementing the tests. Prevalence studies of virus variants
may be useful to determine whether it is necessary to broaden
the scope of a particular test.

In summary, we identified one B19V genotype 2 strain and
two B19V genotype 1 strains that were under-quantified or
not detected at all by a commercial and an in-house B19V
DNA assay while screening more than 2-6 million blood
donations in plasma pools. As compared to B19V genotype
2 strains, the prevalence of B19V genotype 1 variants not
detected bl\( commercial or in-house assays might be in the
same range or even higher.
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Improved detection of acute parvovirus B19 infection
by immunoglobulin M EIA in combination with a novel
antigen EIA
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Background and Objectives Although parvovirus B19 is a significant blood product
contaminant, few methods other than polymerase chain reaction (PCR) have been
developed to detect the presence of the virus.

Vox Sanguinis

Material and Methods A B19 antigen enzyme immunoassay (EIA) has been developed
and the sensitivity of detection is ascertained using dilutions of the B19 capsid
protein VP2 and 10-fold dilutions of B19 viraemic serum. Once the assay cut-off was
established, a panel of viraemic donations{(n = 70} was screened by the antigen EIA.
The B19 immunoglobulin M{IgM) and IgG status of these specimens was also
determined. During screening of blood donor units by quantitative PCR, 70 individuals
were identified with levels of B19 DNA greater than 10° IU/ml at the time of blood
donation. e .

Results The sensitivity of the B19 antigen EIA'was estimated to be equivalént to
between 10° and 10° TU/ml B19 DNA or 1-10 pg/ml of récombinant capsid protein.
B19 detection was significantly enhanced when viraemic specimens: were pretreated
with a low pH proprietary reagent. Unlike: other virus-detection assays, detection of
the B19 antigen was not affected by the preserce of B19 IgM- or IgG antibodies. In
addition, the assay was capable of detecting all three genotypes-of human erythrovirus.
Combined specimen analysis by the B19 antigen assay and a B19 IgM assay facilitated
the detection of 1% of acute B19 infections in the test population.

Conclusion In combination with B19 IgM detection, application of the B19 antigen
EIA is a flexible and efficient method of detecting recent B19 infection and can
be used as an alternative to PCR.

Key words: antigen EIA, B 19 IgM, blood products, erythrovirus.
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fetal death [3]. The recent implementation of minipool

Introduction ’

Parvovirus B19 {B19V) infection of immunocompromised
patients may result in severe morbidity and mortality [1,2].
Moreover, B19 infection of pregnant women may lead to

Corrcspondcncc:'Amanda Corcoran, Biotrin International, 93 The Rise,
Mourit Merrion, Co. Dublin; Ireland ’
£-mail: amanda.corcoran @biotrin.ie

216

199

polymerase chain reaction (PCR) screening procedures for
pooled plasma, combined with mandatory European guidelines
on acceptable B 19 contamination of human immunoglobulin
preparations (< 10 000 JU/m! B19 DNA), will minimize

- B19 contamination and improve the safety of pooled blood

products [4,5]. However, the extremely high levels of B19
viraemia in recently infected individuals (10'* TU B19 DNA/mI)
[6], asymptomatic B19 infections and ‘the resilience of the
virus to many of the virus-inactivation procedures mean that
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B19 screening and elimination are still problematic {7,8].
Although PCR is currently the method of choice, contamination
issues during screening [9], accurate erythrovirus genotype
detection [10] and lack of individual donation screening
necessitate continual evaluation of emerging technologies to
ensure blood product safety. '
Currently, B19 viral capsid protein production in vivo is
detected by immunofluorescent staining and receptor-

mediated haemagglutination (RHA) assays whereas viral ’

DNA production is detected by PCR, dot blot hybridization
and quantitative PCR (QPCR) {11-15]. RHA does. not detect
the B19 antigen at the required sensitivity in specimens that
contain B19 IgG/M [11,15]. This is unacceptable especialiy
when B19 IgG positive solvent/detergent-treated plasma,
contaminated with B19 DNA, has been shown to transmlt
infection [16).

B19 antigen detection by enzyme 1mmunoassay (EIA) is
an alternative strategy for individual donor screening but
may also beconfounded by low assay sensitivity, differential
reactivity between VP2 capsid and native B 19 antigen detection
and B19 antibody presence [¥7,18). The B19 antigen assay
described by Lowin et al. {18] lias-an apparent sensitivity of

“detéction for reconibinant VP2 ¢apsids of 10° particies'per

-i'ml; however, applicdtion of the assay to native B19 antigen
dett:ctxon was' not: demonstrated

Usmg a Food and Drug Administration (FDA)-cleared B19’

- IgMEIA [19); Beersma et al. [20] have shown that in sera with,

detection, to overcome the sensxtlwty issues. pertammg to

B19 antigen detection in individual donor units. Here, wel‘,

show that such a strategy facilitates detection of B19 antigen
levels in plasma donations.

‘Materials‘ and methbds

B19 antigen EIA‘optimization

Recombinant B19 VP2 capsids were expressed and purified

as previously described [21] and were used for sheep and rab-

bitimmunization. Affinity-purified sheep 1gG (anti-B19 VP2)

.. was-coated onto microtitre plates (Nunc Maxisorp, Roskilde,

" Denmark)-and the rabbit1gG (anti-B19 VP2) was conjugated

to-horseradish peroxidase (HRP}, as described by Hermanson
{22}, and was-used to detect. captured B19 antigen.

. Optimal IgG (antl-B 19 VP2) plate-coating concentratlon

: (4 pg/ml) and conjugate. dilution (1/4000- dilution) were

established by testing B19-viraemic and non-viraemic plasma

© 2007 Biotrin International -

specimens. Dilutions of B19 VP2 capsids from 0-01 to
10 000 ng/ml were also analysed by the antigen EIA to
determine the limit of detection in terms of protein concentra-
tion. The mean absorbance of the negative control for each
batch of VP2 plus three standard deviations was used to set
the assay cut-off value {COV).

To determine sensitivity in terms of B19 viral antigen
detection, viraemic plasma was evaluated (gPCR testing was
performed at the National Genetics Institute, CA, USA and
results were reported in copies/ml). The mean absorbance of
a pane] of 201 non-viraemic human plasma samples plus three

standard deviations was used to set the assay COV. This_

was matched to a dilution of a B19-viraemic plasma, which
was used in all subsequent assays as a cut-off calibrator and
facilitated determination of the positive or negative status of
specimens tested on the antigen EIA.

Specimen preparation and final assay procedure

Test plasma and control specimens were diluted (1/5)in alow

" pH proprietary diluent (citrate buffer-containing detergents;

available from Biotrin International Ltd., Dublin, Ireland) and

““were added to 1gG (anti-B19 VP2) sensitized microwells

(100 pl per well) for 1 h. Following a wash step, the rabbit
1gG (anti-B19 VP2)-HRP conjugate was incubated in the
wells: for 30 min. Tetramethylbenzidine substrate (BioFX

.- Laboratories Inc., 0wing$ Mills, MD, USA) was added to the
B19,DNA levels.greater than, 10° per ml, B19 IgM reactivity - - !
..-always exceeds 3:0-(EIA cut-off =.1:0): Thus; it is clear:that
.- the presence of B19:-VP2:JgM.antibodies in sera.is predictive ,
for the presenice of B.19 DNA. This observation vmpfeseﬁts'the :
first data unambiguously correlating B 19 viralload withIgM . .
- .. antibody levels. Importantly; it also provides for an alternative :_

" strategy, employing simultaneou§ B19 IgM and. antigen.

wells for 30 min, The reaction was terminated using:1 N

;sulphuric acid and the absorbance was measured at 450/630 nm. ‘
, The presence of B19 antigen in a sample was determined by

the absorbance ratio of specimen sample to cut-off calibrator
sample: {index value; IV). Specimens yielding index values

.2 1-0'were classed positive while those < 1-0 were deemed

negative,

Parvovxrus B19 IgM and IgG

All specimens in this study were screened for B19 1gM and
B19: IgG using commercial assays (Blotnn} as described

" “previously [21].

Donor screening by B19 qPCR

“The blood donor population in The Netherlands was screened -

forB 19V over an 18-month period (February 2003 -July 2004)

- using gPCR analysis as described previously [12]. Test

pools of 480 were made from smaller pools of 48 donations.
A pool identified with > 10*TU/ml B19 DNA ‘was resolved via

test pools of 48 donations and subsequently eight donations

to frace the viraemic donorfs). 1dentified viraemic donations
‘(n = 70) were then used to evaluate the B19 antigen EIA [12].
Results were exbrssed inTU/ml {23]). The copies-to-TU conversion
factor has been calculated previously to be 3-34 [14].
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Fig. 1" Defermination of B19 antigen enzyime immunoassay (EIA) assay

" sensitivity. (a) Two independent batches of recombinant capsid VP2 (rvP2),
V056 {circles) and V057 {triangles) were decimally diluted to determine assay
sensitivity. (b) Comparison of specimen dil&cngs used in the detection of B19
viral capsids. Specimens were diluted in either Tris-buffered saline Tween-20
(1BST) (clear boxes) or a low-pH-proprictary (e‘;iécnt {filied boxes). Error bars
represent the standard deviation from the mean.

Results

Assay optimization and validation

Figure 1a shows identical standard curves fabsorbance 450/6301m
vs. B19 recombinant VP2 capsid concentration (ng/mi)]
generated from two independent batches of recombinant
VP2-capsids in the B19 antigen EIA. These standard curves
show that the minimal detectable level of B19 VP2 capsid
detectable ‘was 0-01 ng/ml, which theoretically -equatés to
1-9 x 10° viral particles per ml.

However, detection of B19 viraemic plasma in the same
assay format required the implementation of an alternative
specimen diluent {Fig. 1b). Here, dilution of viraemic specimens
(n = 16) in a low pH, proprietary diluent, compared to using
Tris-buffered saline Tween-20 (TBST), facilitated a considerable
increase in virus capture in thé majority of specimens (0- to
30-fold). Only one specimen (3-9 x 10'°TU/ml B19 DNA) that
was negative for B19 IgM did not display a significant signal

" increase post-treatment, but did remain positive. Interestingly,
the two specimens with the highest absorbance values in
the assay without low pH pretreatment were IgM negative.

14,
3}
>
x 10+
3
g sl
5 6f
g
G 4%
L
£ 2}
>
o . : : ,
4.00E+09 4.00E+08 4.00E+07 4.00E+06
B19 DNA W0/ml

Fig. 2 Determination of antigen assay sensitivity using titrations of
polymerase chain reaction {PCR}-quantified viraemic specimens. Viraemic
plasma Bt72 {diamonds), Bt73 (squares), 8t80 (triangles} and genotype 2
Bt81 (circles) were decimatly diluted in B19 negative serum to determine
assay cut-off.

Non-viraemic plasma remained unreactive when subjected
to the same pretreatment (data not shown). Assay specificity
was determined by screening non-viraemic plasma {n = 20),
all of which were unreactive in the antigen EIA based on the
cut-off calibrator sample {data not shown).

- ----The-assay sensitivity -(limit of detection) was- estimated

using dilutions of viraemic specimens and was shown to be
approximately between-4 x 10° and 4 x 10® copies per ml
B19 DNA (Fig. 2). However, the cut-off calibrator used in the
EIA contained"10° copies per ml B19 DNA as determined by
qPCR, which equates to 2 x 107 copies B19 DNA per microwell.
To further define the limit of detection, plasma specimens
{in = 17), containing a range of B19 DNA concentrations and
B19 IgM/G reactivity, were subsequently ‘screened in the
antigen EIA. Table 1 shows that 53% (9/17) of specimens, all
of which contained greater than 1-4 x 10" copies per mi B19
DNA, were also detectable in the antigen EIA. One specimen
containing 7-2 X 10° copies per ml B19 DNA, which wasB19,
1gM reactive, tested borderline positive (IV = 1-0} in the antigen
EIA. All remaining specimens, which contained less than
19 x 107 copies per ml B19 DNA and either B19 IgM or IgG
or both, were unreactive in the antigen EIA.

Detection of the B19 antigen in the'presence of specimen-
derived B19-specific IgG or IgM is essential to avoid false
negativity. Table 2 clearly illustrates that specimen-derived
B19 antigen is detectable in the presence of both B19 IgG and
IgM (n = 8), IgM only (n = 2) orIgG only (n = 3). Furthermore,
B19 antigen is also detectable in specimens Bt72 and Bt73,
which contained B19 IgM (Fig. 2). It is clear, therefore, that
only B19 levels greater than 4 x 107 B19 DNA copies per ml
are detectable in the antigen EIA and that the presence or

. absence of IgM orIgG in the specimen does not affect detection

of the B19 antigen (Fig. 2 and Table 2). A specimen containing
erythrovirus genotype 2 (specimen Bt81) was detected as well
as erythrovirus genotype 1 (specimens Bt72, Bt73 and Bt80)

" in the antigen EIA (Fig. 2). Furthermore, erythrovirus genotype

© 2007 Biotrin International
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Table 1" Parvovirus B19 detection by antigen

enzyme immunoassay (EIA) and serological Sample identifier IgMEA IV 19GEIA IV gPCR (copies per ml)  Antigen HA IV
analysis (819 igM and IgG) of specimens ) -
previously quantified by polymerase chain Cut-off calibrator 677 + 099 eg 13x10° 1-00 +
reaction (PCR) (copies per mi). For the antigen A~ WP 080 - o4 - e9x10" 187 +
an index value {IV) 2 1-0is positive (+) and < 1-0is c4 026 - 006 - 60X 10" >30 - +
deemed negative (-). For both the B19 IgM and PLI9 ] 059 - 00 - 56x10" >30 +
1gG BA IV > 1-1 is positive; IV < 09 is negative; ¢ 058 - 006 - 55x 10" >30 +
 and IVbetween < 11 and IV > 0-9 is deemed a ) 013 - 004 - 48x10" >30 +
equivocal {eq) c2 008 - 006 - 46x10" >30 .-
Ce 024 - 005 - 33x10" >30 +
-C3 o008 - 009 - 39x10" >30 +
PL9 on - o006 - 1axi" > 110 +
cs 202 + 07 - 72x10% 10 +
ER . 30 + 81 + 19x10’ 003 -
Py . 63 + 195 +  16x10 039 -
c8 015 - 256 +. 26x10* 004 -
DT ‘ 23 + 62 + 74x10° - o007 -
RS 66 + 68 +  89x10° 042 -,
PL20 o1 - 478 + s .t o -
PLIE ) © 02 - 480 + 200 © 7 oae -
“Table 2 Effect of B19 1gM and 1gG in plasma on the detection of B19 38

antigen. B19 antigen enzyme immunoassay (EIA) and serology resiilts for
plasma from patients withsuspected 819 infection. For the antigen BA an
“indexvalue (IV)21-0is positive (+} and < 1:0is deemed negative (-). Fof both 2.5

the B191gM and IgG EIA.an V> 1-1 is positive; IV-< 09 is negative; and IV’ €
between <1:vand> 09 is deemed equivocal (eg) - ) §" 2
. Sampleldentifir IgMEA N 1gGEA IV Antigen EIAIV é ST
H . . . E - - ~ 1 -
Cut-off calibrator 677 + 099 eq 1
931 014 - om0 - 186 o5 I
420 ‘016 - 0% eq 183 0 = =
981 173 + 150 . o+ 181 1000 ng/ml 100 ng/ml .. 10 ng/mi
- 410 025 - 090 eq 81 - o Protein concentration
315 014 LAY -oas Fig. 3 Comparison of crythrovirus genotype:1-and 3 VP2 reactivity in the
939 - 030 -~ 080 -. 180 antigen enzyme immunoassay (EIA). Genotype 1(dlear anid horizontal lined
889 _ 499 + 170 RN YA bars} and genotype 3 (diagonal lined and filléd bars) récombinant VP2 was
976 -0 - 10 + . 178 decimally diluted in either Tris-buffered saline Tween-20 {TBST) (clear and
.4 . 340 + . 080 - 16 diagonal tined bars) or the proprietary low pH buffer (horizontal lincd and
973 _ 028 - 128 + 73 - filled bars). Error bars represent the standard deviation from the mean.
966 - 192 + 146 + 173 : - :
936 12 + 140 .+ 163
444 ’ 086 - 100 eq 154 K - : o ’
980 : 0N - 170 120 3 recombinant VP2 capsids exhibitv’i‘r'xdisﬁnglﬁshable reactivity
427 206 "+ 080 - - N9 in the assay to genotype 1 recombinant VP2 (Fig. 3).
929 274 + 140 + o-mnz ST e
. 888, 025 <10 + 82 - i
e ¥+ 180 i 676 - Donor sample evaluation = ‘
a6 €89 - . 4 280070 T3 " During ‘an 18-month period, approximately 1-4 million
895. - .. . 602 -4 T80 4 10 don'a’tioﬁs were tested'for B19 DNA in‘The Netherlands14],
*-and 70 cases of asymptomatic doriors (0:005%) with levels of
B19 DNA greater than 10° IU/ml were identified. Of these,
49/70 (70%) tested positivé on the antigen EIA assay for B19
© 2007 Biotrin International .
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Fig. 4 A summary of the B19 antigen enzyme immunoassay {EIA) and immunoglobulin M (IgM) EIA reactivity of the panel of viraemic donors. An index value
(IV) > -1 (denoted by line) is considered positive on both the B19 IgM EIA (filled bars) and antigen EIA {clear bars). The y-axis was truncated for clarity.

(range: 3-1 X 10°-3-2 x 10'? TU/ml; mean: 1-1 x 10'"% IU/ml,
median: 1-2 x 10'2 TU/ml B19 DNA) (Fig. 4). Thus, Fig. 4
depicts the combined B19 IgM and antigen EIA data of the
70 viraemic specimens, and the r-axis is arranged to show
the rise (10°-10'2TU/ml) and subsequent drop in viraemia with
the development of B19-specific IgM antibodies (10'*-10°

7~ T0/ml). Testing further revealed that the panel of viraemic

specimens was either pre- or early antibody seroconversion
as none contained B19 IgG (data not shown).

There was. a positive correlation (correlation coefficient
r = 0-81) between the level of B 13 DNA {gPCR) and the level
of B19 antigenemia (antigen EIA), but this relationship was

not directly proportional. Concordance between gPCR and

the antigen EIA was highest when viraemia-titres were high
, (> 1 x 16" [U/ml). Of the viraemic donor specimens, 27 (38-6%)
tested positive (IV > 1-1} or borderline positive (two specimens
were equivocal: IV < 1-1, IV 2 0-9) for B19 IgM (Fig. 4). The
specimens that were equivocal for IgM reactivity reacted
strongly in the antigen EIA (IV > 19). The overlap between
the two groups was considerable and 17% of the specimens
tested positive for both B19 IgM and antigen (Fig. 4). Signi-
ficantly, 91% of the viraemic donors were positive for either
B19 IgM or antigen. Thus, these data clearly demonstrate that
the combined implementation of a screening algorithm for B19
IgM and antigen readily facilitates the detection of specimens
containing greater than 10° JU/ml B19 DNA equivalents.

Discussion

Here we describe a B19 antigen EIA for the direct detection
of B19 antigen in human plasma. The detection limit of the
assay was 0-01 ng/ml of purified recombinant VP2 capsids

- (which theoretically corresponds to 1-9 x 10° yiral particles ~

per ml). Using dilutions of viraemic serum, the sensitivity was
estimated at between 4 x 167 and 10° copies per m1 B19 DNA
equivalents. The antigen EIA was capable of detecting both

erythrovirus genotypes 2 {virus) and 3 (recombinant capsids).

When the antigen assay was used to test B19 viraemic donations,
70% tested positive of which had viral loads between
3-1 x 10° and 3-2 x 10' IU/ml.

B 19 detection in plasma was greatly enhanced by specimen
acidification. The low pH conditions may act by disrupting
the viral capsid into its structural subunits, making it more
accessible to the capture antibody. Although it was préviously
thought that B19V was highly resistant to physicochemical
treatments, more recent work has shown the susceptibility of
B19V to low pH treatment [24]. Boschetti et al. [24] showed
that B19V was inactivated by greater than S’logs after 2 h at
pH 4 and that infectivity alse decreased.

Wh‘e‘n the antigen assay was performed at physiological

"pH, the specimens that gave the highest absorbance values
‘were B19 IgM negative, implying immune complexes hinder

detection. However, when specimens were prepared in low
pH conditions, neither the presence of IgM nor IgG, even at
high levels, affected the detection of B 19 (Table 2). Itis probable
that acidification caused the dissociation of any immune
complexes present. False-negative results due to immuno-
complexes present a problem for B19 RHA assays, which
exploit the binding of a B19V receptor to red blood cells [11].
Hence, the RHA assay is ineffective for antigen detection in
specimens that have seroconverted a problem resolved by the
B19 antigen EIA.

B19 detection by PCR has a greater sensitivity, but such assays

- have many disadvantages (e.g. potential cross-contamination)

not shared with an EIA. First, although erythrovirus genotypes
may diverge significantly at the genomic level {25,26],
requiring primer optimization [13], there does not appear to
be any antigenic or immunological differences between the
genotypes. The antigen EIA could identify genotype 2 eryth-

rovirus and genotype 3 recombinant VP2 capsids at the same

sensitivity as genotype 1. This is supported by the fact thatall-
thrée erythrovirus genotypes can haemagglutinate human red
blood cells and also infect myeloid cells with equal efficiency
[27]. Second, the significance of DNA in plasma postviraemia

© 2007 Biotrin International
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is unclear as low levels of B19 DNA can persist for several
years post-infection, even after IgM is lost and IgG reactivity
has been established [28]. A virus detection assay, however,
allows simultaneous testing of hundreds of specimens, is
suitable for large-scale screening, is more economical and
has a shorter time to result. '
Combined B19 antigen and IgM EIA analysis of the viraemic
_ donor specimens revealed that 91% of the donor specimens
could be diagnosed as acute infection using this screening
. algorithm. Previously, clinical samples taken from individuals
with a suspected B19 infection, which had alevel of B19 DNA
greater than 10° [U/ml, were shown to be positive for specific

IgM also [20]. This was not the case with the Dutch donor’

specimens herein, as this panel was from asymptomatic
individuals whose infection was detected due to routine
screening. Donor specimens, therefore, would be from all
stages post-infection including the pmseroconverswn stage.
Experimental infection has shown that B 19 infection has two
phases {29], characterized by symptom-free initial high
viraemia (~ 10" copies per ml serum) followed by detectable
IgM antibody and appearance of symptoms such asrash and
arthralgia. IgM seroconversion causes a apid decline of viral
“fitre. The 70" viraemic specimmens-identified in this study
~showed a typical viraemia and IgM seroconversion pattern
(Fig:4), confirming-that the donor sampleés are representatlvc
‘of all stages of acute infection.
l Ttisimportantto confirm the diagnosis of acute B19 infection
in a public health setting wlhere an‘outbreak tould lead to

10

1

13

serious'medical consequences, especially for pregnant women’

.andimmunocompromised patients. In addition, B19 screening
of blood donors prior to'donation would avoid the risk of

‘contaminating blood. products. The B19 antigen EIA in
conjunction with specific B191gM detection offers an effectwe
method of detecting acute infection.
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Standardization of nucleic acid amplification technique
(NAT)-based assays for different genotypes of parvovirus
B19: a meeting summary

S. A. Bayiis
Division of Virology. National Institute for Biologico! Standards and Control, Blanche Lane, South Mimms, Potters Bar, Hertfordshire, UK

An extraordinary meeting of the International Working Group on the Standardization
of. Genome Amplification Techniques for the safety testing of blood, tissues and
organs for blood borne pathogens was held on 2 March 2007, at the National Institute
for Biological Standards and Control. The aim of the meeting was to investigate ways
to harmonize results obtained for the detection and quantification of different genotypes
of parvovirus B19 (B19V) DNA by control laboratories and manufacturers of plasma
derivatives. The meeting explored issues of B19V such as the classification of B19V
strains, the prevalence and distribution of different genotypes, the clinical and
biological significance of different genotypes, the detection of different genotypes in
plasma-derived products, and their susceptibility to virus-inactivation procedures. At
this meeting and through subsequent studies, high titre, high volume samples have
been identified representing different genotypes of B19V, which will be evaluated by
collaborative study to prepare reference panels for the purposes of assay validation.
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Introduction

Since 2004, European regulatory requirements have meant
that plasma used in the production of anti-D immunoglobulin
and pooled human plasma treated for virus inactivation must
be screened to ensure that levels of parvovirus B19 (Bi9V)
DNA do not exceed 10 TU/ul {1-3]. Plasma donations con-
taining high titres of B19V are removed by the manufacturers
of plasma derivatives, and the appropriate pools are tested by
a group of European Official Medicines Control Laboratories
{OMCLs) for subsequent batch release. Screening is performed
using nucleic acid amplification technique (NAT)-based
assays for B19V DNA. The introduction of these regulatory
requirements was underpinned by the establishment of the
first World Health Organization (WHO) International Standard
for B19V DNA (NIBSC code 99/800} [4]). The discovery that
B19V was more genetically diverse than was -originally

Correspondence: Sally A Baylis, Division of Virology, National Institute for
Biological Standards and Control, Blanche Lane, South Mimms, Potters Bar,
Hertfordshire EN6 306G, UK

E-mail: sbaylis@nibsc.ac.uk
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thought, forming three genotypes [5] has led to a review of
testing procedures. Strains, representing each of the two
more recently identified genotypes, have now been formally
classified as B19V by the International Committee on the
Taxonomy of Viruses (ICTV) [6]. This classification hasled to
regulatory issues. The guidelines for validation of quantitiative
NAT assays for B19V, due to be published in the European
Pharmacopoeia, (Ph. Eur.), recommend that all genotypes of
B19V should be detected. Recent Proficiency Testing Schemes
(PTS), run by the EuropeanDirectorate for the Quality of
Medicines (EDQM), who coordinate the OMCL network, have
highlighted diécrepant results, when samples representing
different genotypes of B19V have been included in the panels 7).
This was discussed further at a meeting held at the EDQM in
Strasbourg on 9 November 2006, which focused on some of
the issues with the types of commercial NAT éssays available
for the detection and quantification of B19V DNA. In an effort
to harmonize results obtained by control laboratories and plasma
fractionators, an extraordinary meeting of Standardization
of Genome Amplification Techniques {SoGAT) was held at
National Institute for Biological Standards and Control (NIBSC)
on2 March 2007. The aim of the meeting was to identify ways
to provide appropriate reference materials, to support the
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implementation of these regulations and to discuss how best
to respond to changes in the molecular epidemiology of viruses.

Classification of B19V

Dr K. Brown [Health Protection Agency (HPA), UK] described
the criteria used by the ICTV to classify viruses. Classification
by'th'e ICTV does not extend beyond species and no consider-
ation is given to either genotypes or clades. In the case of
B19V, it is classified as a member of the Parvoviridae family,
belonging to the erythrovirus genus. While sequence com-
parisons are beéoming increasingly important in classification,
other criteria are considered including mode of replication,
“virus structure, genomic organization, transcriptional and
biological properties. The ICTV: has classified the recently
identified variant viruses, specifically V9, originally identified
in France [8], A6 [9] and LaLi {10] as strains of B19V [6]. The
genetic diversity of the B19V strains falls into three well-
recognized genotypes [5], which can be confirmed by pairwise
sequence. identity profiles. Nucleotide divergence is
approximately 10-15% between the different genotypes. These
B19V strains are clearly distinct from other erythroviruses,
“such as the primate parvoviruses viruses [pig-tailed Hiacaque
- parvovirus (PmPV), rhesus macaque parvovirus (RmPV) and

" *éimian parvovirus (SPV)] and more distant, tentative members

such as bovine ‘parvovirus 3 and chlpmunk parvovirus.

. Dr Brown mentioned. that the two recently. identified human
parvoviruses, that is, human parvovirus PARV4 [11,12} and
human bocavirus {13], are quite distinct from B19V and
would not be discussed further during the meeting.

Regulatory issues

Dr J.-M. Spi¢ser (EDQM, Strasbourg, France) summarized the
B19V test kit meeting held at EDQM on 9 November 2006, in
response to differences in the ability of laboratories to detect
genotype 2 B19V- Genotype 2 B19V has been identified in

plasma pools that are undergoing batch release in Europe. The -

assay available from'Roche is suitable only forthe détection
- of genotype 1 B19V. The Artus (Qiagen, Hamburg, Germany)
assay detects genotype 2 and some of the genotype 3 viruses.
‘Both companies are addressing the shortfalls in the current

assay kits. Currently, the Official ‘Control Authority Batch.

Release (OCABR} guidelines require the detection of genotype
‘1.B19V; and recommend the detection of viruses such as A6

*-and V9 [14). The batch release advisory group have endorsed |

" the proposal that the guideline for B19V should be updated

© " to reflect the requirement for the detection of different virus
" genotypes and be mandated i the Ph. Eur.

Dr M. W. Yu (Center for.Biologics Evaluation and Research;

“CBER, Bethesda, MD, USA) reviewed the US Food and Drug

Administration's (FDA) previous discussions on NAT testing
for B19V in the USA. Most sourte plasma fractionators

'© 2007 The Author{s)

perform in-process B19V NAT testing, excluding high-titre
donations following mini-pool testing. Blood collection
establishments voluntarily retrieve and discard in-date
components from donors with high titres of B19V DNA, to
prevent their use in transfusion recipients. An infusion of
a coagulation factor VIII product devoid of any anti-B19V,
which was derived from plasma unscreened for B19V by NAT
in a mini-pool format, with an overall load of BI9V DNA as
lowas 2 X 10*IU, has been shown to transmit in a seronegative
recipient [15]. For manufacturing pool B19V NAT testing,
the FDA is currently proposing a limit of < 10* IU/m! for all
plasma-derived products. The FDA has reviewed and approved
some in-house B19V NAT procedures, for mini-pools and
manufacturing pools under the Biologics Licensing Applica-

~ tions or their supplements for plasma derivatives. B19V.NAT

assays are required to be validated as analytical procedures
and should ‘be capable of detecting all virus genotypes. In the

- future, the FDA may consider B 19V testing as donor screening,

because of known risks in individuals with chronic anaemia,.
those who are pregnant or immunocompromised. Such
screening would be dependent upon the availability of
suitable commercial kits and sufficient resolution time.

Prevalence and clinical properties of
different genotypes of B19V

Ms K. Hekynar (Haartman Institute, 'Helsinki, Finland)
described studies where B19V DNA was identified in skin’
biopsies. Sequence analysis identified more divergent viruses,
now recognized as genotype 2 B19V [10]. Analysis of tissue
samplés from North West Europe failed to identify genotype
3 B19V; however, genotypes 1 and 2 were both readily
identified individuals born ptior to 1950, while those born after
this date were predominantly infected with genotype 1 [16].
In vitro studies of the three genotypes showed no differences
in infectivity or in the activity of the p6 promoter, which is

" most efficient in cells pérmissive for BI9V infection, -and

enthanced by the expression of NS1 [17]. Serological cross- -
reactivity is observed between B19V genotypes 1and 2 using

Tecombinant antlgens and sera from individuals infected

with specific genotypes [17]. All three'genotypes of BI9V are
extremely similar, constituting a single serotype, w1th amino
acid divergence for VP1 no greater than 4%.

ProfessorS. Modrow (University of Regensburg, Germany)
described a clinical case, where a renal transplant recipient
developed transient atiaemia‘and arthritis and was diagnosed
with B19V. Detailed molecular analysis revealed that the
patient was infected with a gen_otybe 2B19V. A review of the
original assays performed showed that there was differential -
sensitivity for the different genotypes of B19V. The patient

- showed persistent, high levels of B19V DNA [> 10" genome

equivalents (geq){ml] and episodes of severe anaemia [18].
Treatment with intravenous immunoglobulin (IVIG) lowered

Journal compilation © 2007 Blackwell Pubhshmg Ltd., Vox Sanguinis (2008) 94, 74-80

210



76 S. A. Baylis

viral loads and resolved anaemia. After 4 years, B19V DNA
and anti-B19V IgM antibodies were still detectable. The
patient subsequently started to develop anti-B19V IgG
antibodies. Both IgG reactivity and avidity were comparable
in sera from genotypes 1 and 2 B19V-infected individuals,
when challenged by enzyme-linked immunosorbent assay
(ELISA} using antigen from the VP 1-unique region from all
three genotypes. It was noted that this case presented in a very
similar way to ones seen with a genotype 1 B19V infection.

Epidemiological studies of B19V infection in blood donors,
pregnant women and children in Ghana were described by
Dr D. Candotti (University of Cambridge, UK). In Ghana,
approximately 8% of children have anti-B19V IgG. rising to
80% .in adults. Viral loads and levels of anti-B19V IgM are
higher in children. The rate of persistent infection is ~1-4%.
One of the most striking observations of B19V infection in
Ghana is that the circulating viruses are almost all genotype
3 [19]. DNA sequence analysis has revealed that the genotype
3 viruses can be divided into two subtypes or clusters that
differ by more than 5% nucleotide identity {20]. These have
been termed 3a and 3b, and the clustering is independent of
the region of the B19V genome analysed. The nucleotide
substitution rates were examined for B19V in Ghana and
compared with V9, the prototype genotype 3 virus, identified
nearly 10 years ago [8]. It was found that like genotype 1
B19V and canine parvovituses, the genotype 3 viruses have
an unexpectedly high rate of evolutionary change [21,22]. It
would appear that the ty'pe 3a and 3b clusters were derived
from a common ancestor approximately 500 years ago;
however, there is a wide interval around this date.

Presence of different B19V genotypes in
‘plasma products and susceptibility to
inactivation

Professor A -M. Eis-Hiibinger (University of Bonn, Germany)
reviewed studies performed on factor VII and factor IX con-
centrates to determine the frequency of contamination of these
products with genotypes 1 and 2 of B19V. A total of 202 dif-

ferent lots of clotting factor concentrates were examined. Older -

products used until the early 1980s that had not undergone viral

inactivation procedures (21 lots, representing eight different -

products) were compared with more recent batches in use
between 2000 and 2003 (181 lots, representing 13 different
products). In the factor V1lls, 81% were contaminated with
genotype 1.B19V, and 14% were contaminated with genotype 2.
In the more recent factor VIIIs, 46% were contaminated with
genotype 1 B19V and 1-6% were contaminated with genotype
2 {two products were co-contaminated with genotype 1). The
highest loads of genotype 1 and genotype 2 B19V: were ~107
and ~10° geq/ml, respectively. It was suggested that the much
lower frequency of detection of genotype 2 B19V is due to
generally lower prevalence compared to genotype 1 [23].

DrM. W. Yu (CBER) described a study looking at factor VIII
concentrates using a consensus polymerase chain reaction
(PCR) for genotypes 1-3 for BI9V, followed by specific
restriction endonuclease digestion of the product to discrim-
inate genotype 1 from genotypes 2 and 3. A range of products
{n = 202 lots) of differing purity produced before 1984 until
2004 were analysed. Of these, 79 lots were positive in the initial
screening assay, and a single lot, from 1997, was positive for
B19V genotype 2. DNA sequence analysis confirmed the
genotype of this virus. This final product did not.contain any
genotype i B19V, and the load for genotype 2 was 10° geq/ml.
In the case of more recent lots, contamination with B19V was
generally less frequent, reflecting the implementation of
NAT screening by the manufacturers {24].

DrM. Niibling {Pau! Ehrlich Institute; PEL, Langen, Germany)
presented data on behalf of Dr J. Blimel (PEI) comparing
the biological and physicochemical properties of B19V
genotypes 1 and 2 (isolate IM-81) [25]. Infection of the cell
line KU812Ep6 with the two B 19V genotypes revealed that
there were no differences in expression of the capsid at either
the mRNA or protein level. Thermal inactivation occurs

through the disintegration of the capsid proteins, with no

differences observed between the two genotypes. Virions were
heated and subjected to DNAse treatment prior to Southern
blotting to analyse the integrity of the viral genomic DNA.
Treatment of 5% albumin solution, spiked with B19V and
heated to 56 °C, resulted in the same temporal inactivation
kinetics, regardless of virus genotype. Similar inactivation
profiles were observed for genotype 2 B19V, as had been
shown previously for genotype 1 B 19V virus, when subjected
to low.pH conditions {26].

Professor Jean-Pierre Allain (Cambridge) outlined a PCR
inhibition method, utilizing a preamplification step to quantify

B19V inactivation by photochemical treatment using

amotosalen (S59). This molecular approach to measuring the
inactivation effects of $59 on B19V has been established as
an altemative to in vitro culture of the virus [27].

Experience with commercial and in-house
assays for the detection and quantification of
B19V DNA

The pAerfom}a'nce of two commercially available kits for the
quantification of B19V DNA was reviewed by Dr S. Baylis
(NIBSC, UK). The first kit, the Roche parvovirus B19 guanti-

- fication kit for the LightCycler, only detects genotype 1 B19V.

When equivalent copy number (10°%) were analysed for the
three genotypes, no amplification plots were observed for

- genotypes 2 and 3 B19Vs in this real-time assay. However,

analysis of amplification products by gel electrophoresis revealed
that all three genotypes were amplified, with a much reduced
signal for genotype 2 B 19V, suggesting mismatches in prinier
and probe sequences. In the case of the Artus RealAt Parvo

@ 2007 The Author(s)
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LC kit, good amplification plots were observed for genotypes
1, 2 and 3a of B19V. whil.e'the genotype 3b virus was under
quantified by approximately 2-3 logs generating much later
threshold cycle (Ct) values, which could have an impact on
the threshold concentration of 10 IU/ml applying to certain
plasma pools {28-30]. Primerand probe sequences are of critical
importance in the detection of variant viruses, this is further
complicated with requirements to perform quantitative assays.
Dr T. Cuypers (Sanquin, Amsterdam, the Netherlands)
described the experience of running two assays concurrently
for B19V in a screening centre. The assays included the com-
mercially available Roche LightCycler assay and a previously
published consensus assay [28], validated in-house. Screening
assays, performed during the previous 2 years, identified
three instances where discrepant results occurred between
the two tests. Molecular characterization was performed to
identify the reasons for the discrepant results. One sample,
not detected in the Roche assay was found to be a genotype
2 B19V, containing mutations in the primer and probe
binding regions. A genotype 1 sample:was under quantified
by ~2 log,, in the Roche assay compared .with ‘the in-house
assay, with a mutation ator near the enid of the reverse primer

~ binding region in thie' Roche test. In a‘third case, there was
a-single poirit mutation in the probe binding site of the in-
house assay, which 'resulted in a failure to detect a genotype
"1 B19V in the plasma sample [31]. Genotypes'2 and 3 for

"+ B19V-appear ‘to be very rare in Dutch and Belgian donors.

Dr'Marta José (Grifols, Barcelona, Spain) described the
validation of both in-house-qualitative and quantitative
“consensus B 19V assays, for the détection of all three geriotypes.

Validation was performed accorditig to current guidelines.

Particular attention was paid to B19V assay specificity, with
no cross-reactivity observed with other blood bome viruses.
A variety of genotype 2 and genotype 3 B19V-positive plasma
samples were analysed, and good correlations were found
with previously determined titres from other laboratories and
the ones determined by the in-house quantitative'assays.

Dr T. Gierman (Talecris, Raleigh, NC, USA) was unable to

attend. the meeting ‘and hls presentation on experience in
testing for B 19V genotypes was summarized by Dr Zedauth !

lDrG Zerlauth (Baxter, Vienna, Austna) summarized this special mectlng o

SOGAT XX, held in Warsaw, Poland, on 12-13 June 2007. At the same
meeting, Drs L Rinckel and T.Gierman (Talecris, Raleigh, NA, USA) reported
that they have identified a high-titre, high-volume genotype 3 B19V
p|asma Thus, in order to harmonize results obtained by controllaboratones
and plasma fractionators, a genotype panel contammg cach of the three

genotypes of B19V will be jointy formulated by NIBSCand CBER. The panel

" will be evaluated together with additionial genotype 2 samples and be
calibiated against the currént WHO Intemational Standard for B19V DNA
(99/800} in an internaticnat colfaborative study. The presentations from
the extraordinary SoGAT meketing are avaitable at the following link:

) http:/lwww.nibscac.uklpaftner’sISQGATIMarch_2007;P(c5‘entationsh_tml.

© 2007 The Author(s)

Three tests are utilized to reduce B19V viral loads in plasma
fractionation pools: a qualitative donor sample test for testing
mini-pools; a separate qualitative test for the QC of fraction-
ation pools: and a quantitativé test using dual-labelied

fluorogenic detection probes for quality and technical

operations investigations. As part of on-going efforts to assess

the performance of this test system, the potential frequency

of occurrence of variant B19V genotypes in US source plasma

was examined. Archived sample pools created from ‘non-

elevated’ plasma samples (samples containiﬁg B19V genotype

1 titres > 2 x 10° TU/ml and genotypeés 2 and 3 titres > 5 x 10°

copies/m! would have been excluded as a result of screeningr
with the donor sample test) were retested using a fluorogenic

detecnon probe capable of differentially detecting B19V

genotypes 2 or 3. The testing of 242 large-scale sample pools

(3840 samples) and 609 intermediate-scale pools (360 samples)’
failed to identify the presence of B19V genotypes 2 and 3.

PCR analysis of 340 individual ‘elevated’ samples also failed

to identify B19V genotypes 2 or 3 among them. The inability

to detect B19V genotypes 2 and 3 in material representing

approximately: 1-5 million source plasma donations, which

suggests that the prevalence of these geﬁotypes within the US

source plasma donor population is very low. -

. Provision of plasmid clones to\OMCL network

and manufacturers

- Pr J. Fryer (NIBSC, UK).discussed how plasmid clones -

representing the main B 19V genotypes would be distributed
through the next EDQM PTS for B19V DNA later in 2007.
High-titre DNA stocks have been prepared for near full-
length plasmid clones, representing genotypes 1, 2. 3a and 3b
of B19V (N8, A6, V9 and D91-1, respectively). Dilution to equal .
copy number gave equivalent results using a consensus
in-house TagMan assay for B19V DNA [28]. These plasmid
clones will be distributed as a'validation panel oniy for

-use in the PTS, untll a plaSma reference panel becomes

avallable

Avallablllty of Bl 9V viraemic plasma for

reference panel development

Genotype 2

Several plasma units were identified that contained high
titres of genotype 2 B19V. Dr M. Gessner (Baxter, Vienna,
‘Austria) described the B19V plasma samples termed IM-81
and IM-82. IM-81 ‘was a high-titre (~11-3 log,, 1U/ml)

" genotype 2 plasma sample, which had been. sequenced and
.. charactérized previously [25} and shown to be cross-neutralized
. by genotype 1 sera. IM-82 represents a-subsequent bleed

(4 days later) from the same donor with a titre of 7-4 log,, TU/ml.
DrS. Baylis (NIBSC) described a plasma pool, sourced in the

. -Journal compilation © 2007 Blackwell Pubhshmg I.td Vo.r Sanguinis (2008] 94, 74—80
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USA containing a genotype 2 B19V. The pool was identified
due to discrepant results, using different B19V NAT assays.
This pool contains 6-2 log,, TU/ml of genotype 2 B19V DNA.
The virus was not infectious in culture, and was likely to be
neutralized by anti-B19V present in the pool. Despite the
plasma being pooled, there was no genotype 1 B19V present.
Dr M. Koppelman (Sanquin, Amsterdam, the Netherlands)
described the identification of a genotype 2 B19V plasma
sample (207458), with a titre of ~7 log,, IU/m. Sequence
analysis indicated that this B19V was most closely related to
the A6 virus{31]. Dr José (Grifols) described another genotype
2 B19V plasma sample. This sample was identified by using
two different assays: the first specific for genotype 1 B19V
and the second, a consensus assay described in her earlier
presentation. The plasma gave negative results in the genotype
1 B19V assay, but was positive in the consensus assay. This
led to further characterization of the plasma sample, which
was found to have a titre of 7-3 log,, IU/ml. The sample was
negative for a range of other virus markers, and was also
negative for anti-B19V IgG and IgM, and likely to represent
the early ramp-up phase.

"Genotype 3

While several high-titre, high-volume plasma samples have
been identified for genotype 2 B19V, there is limited material
available for genotype 3. Dr D. Candotti (University of
Cambridge) summarized a series of clinical samples, compris-
ing both genotypes 3a and 3b viruses. None of the available
samples exceeded ~6 log,, TU/ml of B19V DNA. It was
proposed that B 19V samples might be sought prospectively,
by identifying persistent infections in blood donors {which
may have titres as high as 4-5 log,, [U/ml). However, several
thousand donations would have to be screened. Additional
sources of genotypes 2 and 3 B19V have been examined and
these include the screening of anti-B 19V IgM-positive sera
from Brazilian patients presenting with rash-like iliness by
DrK. Brown (HPA). In a recently published study from Brazil

(32], clinical samples from patients with B 19V-like symptoms

. were tested for B 19V DNA and the virus genotype determined.
All three genotypes of B19V were identified. Dr K. Brown
outlined the approach taken in his study using biotinylated
PCR products and pyrosequencing to determine the genotype
of each BI9V-posiiive sample. The method was validated
using previously identified variant viruses [30]. Of 50 B19V
IgM-positive samples studied by this approach; 29 were
positive for BI9V DNA by PCR, ranging in concentration
from 10” to 10'° geq/ml. These PCR-positive viruses were all
genotype 1, with three unique point mutations being identified.
A small study was presented by Dr S. Baylis on behalf of Dr
D. York (Molecular Diagnostic Services Pty Ltd. South Africa)

and Mr D. Stubbings (National Bioproducts Institute, -
South Africa). High-titre B19V plasma donations (0 =9)

were genotyped and in contrast to the findings on the
West Coast of Africa, these B19V-positive samples were all
genotype 1.

Conclusions and recommendations

Overall, based upon the classification by the ICTV and in
terms of what is currently know about the biological and
serological properties of the different genotypes of B19V,
these genotypes cleatly represent strains of the same virus.
The more recently identified variants appear not to be so
well represented in Europe and North America as genotype
1 B19V. However, different genotypes of B19V have been
found in donor plasma that hasled to batch release issues
and based upon recent PTS. studies, some assays have
proved ineffective in detecting genotype 2 B19V DNA [7].
In order to harmonize the results obtained for the detection
and quantification of B19V DNA between control laborato-
ries and the manufacturers of plasma derivatives, it was
agreed that standardization of assays using well-characterized
reference materials would be the way forward.

The consensus opinion at the meeting was to produce
a genotype panel of plasma samples representing the different
genotypes of B19V. As B19V DNA testing has a quantitative

‘timit (10 1U/ml), any reference panel would be required to

reflect the need for accuracy around this threshold concentra-
tion. Future collaborative studies used to evaluate candidate
plasma samples for a reference panel would need to be

‘calibrated against the-WHO International Standard for BigV

DNA [4]. In the absence of sufficient genotype 3 B19V material.
it was felt that cloned DNAs may be suitable fdrpreparing
a panel, until a plasma reference panel becomes available. The
European common technical specifications for in rvitro
diagnostic medical devices permits the use of materials such as
cloned DNAs (independently quantified by spectrophotometiy)
where a suitable source of native material is absent. What
was emphasized throughout the meeting is the importance of
depositing DNA sequence for B19V strains in the databases,
to ensure that as much information is available as possible to
enable good assay design. However, genetic variation was to
be expected in the future, including genotype ! B19V variants,
and robust assay design is essential to deal with inevitable
genetic changés) V
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Appendix

The meeting participants were from regulatory/research/
reference laboratories, kit manufacturers, and plasma
derivative manufacturers. The following is a list of speakers
at the meeting: Dr G. Zerlauth, Baxter, Austria; Dr K. Brown,
HPA, UK; Dr J.-M. Spieser, EDQM, France; Dr M. W. Yu,
CBER, Bethesda, MD, USA: Ms K. Hokynair. Haartman
Institute, Finland; Professor S. Modrow, University of

Regensburg, Germany: Dr D. Candotti, University of
Cambridge, UK; Professor A.-M. Eis-Hubinger. University
of Bonn, Germany; Dr M. Niibling, Paul Ehrlich Institute,
Germany: Professor J.-P. Allain, University of Cambridge,
UK; Dr S. Baylis, NIBSC, UK; Dr T. Cuijpers, Sanquin,
the Netherlands; Dr M. José, Grifols, Barcelona. Spain;
Dr J. Fryer, NIBSC, UK; Dr M. Gessner, Baxter, Austria;
Dr M. Koppelman, Sanquin. the Netherlands. The meeting
was chaired by Dr P. Minor (NIBSC, UK).
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REPORTS

gains of TRF1 and TRF2, these structural
vahqtions emphasize that the TRFH domain
is a v@rgatile framework for interactions with
different psgteins.

The crystd structure of the TRF2rgppy-
Apollorgys complexis corroborated by mutagen-
esis. Mutations of tits conserved hydrophobic
residues of Apollo (F504\L506, and P508) or
TRF2 (F120) completely absljshed the inter-
action both in vitro and in vivo XKig. 4, F and
G). We further assayed the cellular dealization
of wild-type and mutant Apollo by explegsing
hemagglutinin (HA)-tagged proteins in huniag
telomerase reverse transcriptase (hTERT)-
immortalized human BJ fibroblasts. Although
wild-type Apollo showed the expected telo-
mere localization, the LS06E/P508A double
mutant was distributed throughout the nucleo-
plasm with no obvious accumulation at telo-
meres (Fig. 4H). This result confirms the
structural information and indicates that the
binding of Apollo to the TRFH domain of
TREF?2 is required for the telomeric localization
of Apollo.

We next asked whether other shelterin-
associated proteins might contain the F/Y-X-L-X-P
motif suggestive of an interaction with the
TRFH domain of TRF1 or TRF2. We idept-
fied this motif in PinX1, originally identj#€d as
a TRFl-interacting protein in a yeast two-
hybrid screen (6). An 11-residyg”tragment of
PinX1 (R287-D-F-T-L-K-p¢K-K-R-R297),
referred to as PinXltgy? closely resembles
TIN2rpy (fig. S12A)¢ suggesting that it may
bind to TRF I1gepAfi the same fashion as does
TIN27gMm. [TCAata confirmed the TRFltrpy-
PinX 1 ppmifiteraction, whereas no measurable
interaclidn was observed between TRF2r1gpy
angFinX1py (fig. S12B). Mutagenesis studies

showed that PinX1-L291 and TRF1-F/42 are
critical for the interaction, whereas PinX1-P293
is not (fig. S12C). These results are consistent
with those of the TRF11grry-TIN2ygy inter-
action (Fig. 2D) and indicate that PinX1, like
TIN2, binds the TRFH domain of TRFI but
not TRF2. Protein sequence database searches
showed many instances of telomere-associated
proteins containing the F/Y-X-L-X-P motif (fig.
S13). Future studies are needed to address
whether this motif mediates the TRF1/TRF2
binding of these telomere-associated proteins
in vivo.
Our results indicate that binding to the
RFH docking site involves the seqyefice
F/Y-X-X-P in shelterin-associated pfoteins,
which codaets the same moleculggfecognition
surface of the TRFH domaige”of TRF1 and
TRF2 with disti specificj#fes. Because TRF1
and TRF2 play difepefit roles in telomere
length homeostasig”and\ telomere protection
(1), we propospthat the TRFH domains of
TRF1 and TJR¥2 function as telegeric protein
docking #ites that recruit differe\gshelterin-
assog#fted factors with distinct functiotso the
jformosome ends.
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Clonal Integration of a Px)lyoma'vir’us' in
Human Merkel Cell Carcinoma

Huichen Feng, Masahire Shuda, Yuan Chang,* Patrick 5. Moore*

Merkel cell carcinoma (MCQ) is a rare but aggressive human skin cancer that typically affects
elderly and immunosuppressed individuals, a feature suggestive of an infectious origin.

We studied MCC samples by digital transcriptome subtraction and detected a fusion transcript
between a previously undescribed virus T antigen and a human receptor tyrosine phosphatase.
Further investigation led to identification and sequence analysis of the 5387—base-pair genome of
a previously unknown polyomavirus that we call Merkel cell polyomavirus (MCV or MCPyV). MCV
sequences were detected in 8 of 10 (80%) MCC tumors but only 5 of 59 (8%) control tissues from
various body sites and 4 of 25 (16%) control skin tissues. In six of eight MCV-positive MCCs, viral
DNA was integrated within the tumor genome in a clonal pattem, suggesting that MCV infection
and integration preceded clonal expansion of the tumor cells. Thus, MCV may be a contributing

factor in the pathogenesis of MCC.

olyomaviruses have been suspected as po-
tential etiologic agents in human cancer
since the discovery of murine polyoma
virus (MuPyV) by Gross in 1953 (J). However,

although polyomavirus infections can produce
‘tumors in animal models, there is no conclusive
evidence that they play a role in human cancers -

(2). These small double-stranded DNA viruses

[~5200 base pairs (bp)] encode a variably spliced

- oncoprotein, the turor (T) antigen (3, 4), and

are divided into three genetically distinct groups:
(i) avian polyomaviruses, (ii) mammalian vi-
ruses related to MuPyV, and (iii) mammalian
polyomaviruses related to simian virus 40 (SV40)
(5). All four known human polyomavinuses
[BK virus (BKV), JCV, KIV, and WUV (6, 7)]
belong to the SV40 subgroup. In animals, in-
tegration of polyomavirus DNA into the host
genome often precedes tumor formation (8).
Merkel cell carcinoma (MCC) is a neuro-
ectodermal tumor arising from mechanorecep-
tor Merkel cells (Fig. 1A). MCC is rare, but its
incidence has tripled over the past 2 decades in
the United States to 1500 cases per year (9). It

is one of the most aggressive forms of skin

cancer; about 50% of advanced MCC patients
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live 9 months or less. Gene expression profiling
studies indicate that MCC may comprise two
or more clinically similar diseases with distinct
etiologies (/0). Like Kaposi’s sarcoma (KS), MCC
occurs more frequently than expected among im-
munosuppressed - transplant and AIDS patients
(11). These similanties to KS, an immune-related
tunor caused by KS-associated herpesvirus (12),
raise the possibility that MCC may also have an
. infectious origin.

To search for viral sequences in MCC, we
used digital transcriptome subtraction (DTS),
a methodology we developed that can iden-
tify foreign transcripts by using human high-
throughput cDNA sequencing data (/3). We
generated two cDNA libraries from a total of
four anonymized MCC tumors. One library
was prepared with the use of mRNA from a
single tumor (MCC347), and the other was
prepared with mRNA pooled from three tu-
mors (MCC337, 343, and 346) to increase the
likelihood of detecting: rare viral sequences
(table S1).

From these two libraries, we rtspecﬁvely pyro-
sequenced 216,599 and 179,135 cDNA sequences
(~150 to 200 bp). These 395,734 cDNA se-
quences were trimmed with- LUCY stringency
equivalent to PHRED scores of 20 or higher (/4).
-Copolymers of adenine or thymidine [poly(A)

- and poly (T), respectively], dust (low-complexity),
human repeat, and primer -adaptor sequences
were then removed, leaving 382,747 sequences
to form a high-fidelity (HiFi) data set. Of these,
380,352 (99.4%) aligned to human RefSeq RNA,

Fig. 1. (A) MCC is an ag-
gressive skin cancer derived -
from - Merkel mechanore-
ceptor cells that expresses
neuroendocrine and peri- -
nuclear cytokeratin 20
markers, distinguishing it
from’ other small .round
cell tumors (MCC349, left,
hematoxylin and eosin;
right, oytokeratin 20 stain-
ing, 40x. Scale bar repre-
seiits 10 um), (B) Discovery
of Merkel cell polyomavi-
rus transcripts in (MCQ).
3-RACE mapping of an
MCC fusion transcript be-
tween the MCV T antigen -
and human PTPRG. A
¢DNA corresponding to a
polyomavinus-ike T antigen
transaript was found by

mitochondrial, assembled chromosomes, or im-

munoglobulin sequences in National Center for
Biotechnology Information (NCBI) databases.
Of the remaining 2395 HiFi candidate sequences,
one transcript (DTSI) from MCC347 ¢cDNA
aligned with high homology to African green
monkey (AGM) lymphotropic polyomavirus
(LPyV) and to human BK polyomavirus T anti-
gen sequences. A second DTS transcript (DTS2)
had no homology to deposited polyomavirus se-
quences but was subsequently identified by align-
ing HiFi candidates to the full-length viral gennome
(see below). These two sequences define a pre-
viously unknown human polyomavirus that- we
call Merkel cell polyomnavirus (MCV or MCPyV)
because of its close association with MCC.

Rapid amplification of cDNA ends (3-RACE)
extended DTS1. to three different cDNAs (Fig.
1B): One transcript terminated at a poly(A) site

in the T antigen sequence, and two ¢cDNAs tead -

through this weak poly(A) site to form different
length fusions with intron 1 of the human recep-.
tor tyrosine phosphatase type G gene (PTPRG)
(GenBank:18860897) on chromosome 3pl14.2.
Viral integration at this site was confirmed by
sequencing DNA polymerase chain reaction
(PCR) products with the use of a viral primer
and a human PTPRG primer. The same three
RACE products were independently cloned

from MCC348, a lymph node metastasis from .

the MCC347 primary tumor, indicating that this
tumor was seeded from a single tumor cell:
already positive for the T antigen-PTPRG
fusion transcript.

PolyA site

DTS analysis of MCC.. This
T antigen ¢DNA was ex
tended by 3-RACE to map
three mRNA sequences'

7237 bp splice

(arrows), one of which terminates at a viral polyadenylation site and two of which extend into flanking
human sequence and terminate in intron 1 of the human PTPRG gene on chromosome 3p14, indicative
of viral' DNA "integration into the tumor cell genome. The two viral-human chimeric transcripts were
generated by read-through of a weak polyadenylation signal in the viral T antigen gene. Identical RACE
products were also sequenced from a lymph node metastasis of this primary tumor.
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By viral genome walking, we sequenced
the complete closed circular genome of MCV
(5387 bp, prototype) from tumor MCC350. A
second genome, MCV339 (5201 bp), was then
sequenced by using MCV-specific primers. The
sequences of MCV350 and MCV339 have
GenBank accession numbers EU375803 and
EU375804, respectively. Both viruses encode se-
quences with high homology to polyomavirus
T antigen, VP1, VP2/3, and replication origin
sequences (Fig 2A). MCV has an early gene
expression region [196 to 3080 nucleotides nt)]
containing the T antigen locus with large T and
small T open reading frames and a late gene region
oontaining VP1 and VP23 open reading frames
between 3156 and 5118 nt. The T antigen locus
has features conserved with other polyomavirus
T antigens, including crl, Dnal, pRB1-binding
Leu-X-Cys-X-Glu (LXCXE) motif, origin-
binding, and -helicase/adenosine triphosphatase
(ATPase) domains. Mutations in the C terminus
of MCV350 and 339 large T open reading
frames are predicted to truncate large T protein
but are unlikely to affect small T antigen protein
expression. The replication origin is highly
conserved with that of other polyomaviruses
and includes features such as a poly(T) tract and
conserved T antigen binding boxes (fig. S1).
MCV has highest homology to viruses be-
longing to the MuPyV subgroup and is most
closely related to AGM LPyV (Fig. 2B) (15). It
is more. distantly related to known human
polyomaviruses and SV40. The principal differ-
ences between MCV350 and MCV339 are a 191-

bp (1994 to 2184 rif) deletion in the MCV339 T -

antigen gene and a 5-bp (5216 to 5220 nt)
insertion in the MCV339 late promoter. Exclud-
ing these sites, only 41 (0.8%) nucleotides differ
between MCV350 and 339. ‘

To investigate the association between MCV
infection and MCC, we compared tumors from 10
MCC patients to two tissue control groups. The
first control group was composed of unselected

_ tissues from various body sites (including nine

skin samples) from 59 patients without MCC
(table S2). These samples were taken consecutive-
Iy on a single surgical day and tested for MCV
positivity with two PCR primer sets in the T

‘antigen locus (LT1 and LT3) and one in the VP1

gene (VP1). These primers do not amplify cloned
human BKV or JCV genomic DNA or SV40 ge-

“nome from COS-7 cells. A second control group

composed of skin and skin tumor samples from
25 immunocompetent and immunosuppressed
patients without MCC were tested with LT1 and
VP1 primers (table S2). Samples were random-

Paumlaadad fram uning animmmanmias Ars s Marale & ANNAD

ized and tested in a blinded fashion. Southem

blotting of PCR producis was performed to in-
crease sensitivity (fig. S2).

_ Of the 10 MCC tumors from dlﬂ"erent pa-
tients, 8 (80%) were pasitive for MCV sequences
by PCR (Table 1 and table SI). Seven tumors
showed robust amplification, and one tumor
was positive only after PCR-Southem hybridiza-
tion. MCC348 (metastasis from MCC347) and
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MCC338 (infilrating tumor from MCC339) were
also positive. Two tumors, MCC343 and 346, re-
mained negative after testing with 13 PCR primer
pairs spanning the MCV genome. None of the 59
control tissues, mcluding nine skin samples, was
positive by PCR alone, but five gastrointestinal
tract tissues tested weakly positive after PCR—
Southemn hybridization (8%, P < 0.0001, table
S2). Viral T antigen sequences were recovered

‘from three of these samples, confirning low

copy number infection. Similarly, only 4 of 25
(16%, P = 0.0007, table S2) additional skin and

B Eqol (2021

A\l

K
S

o

non-MCC skin tumor samples from immunocom-
petent and immunosuppressed patients tested pos-
itive for MCV sequences (Table 2 and table S2).

To determine whether MCV DNA was in-
tegrated into the tumor genome, we examined
MCC samples by direct Southem blotting with-

‘out PCR amplification. When MCV DNA in

MCC tumor is digested by single-cutter restric-
tion endonucleases, such as EcoRI or BamHI,
and probed with viral sequence, four possible
patterns are predicted to occur: (i) if the viral
DNA exists as freely replicating circular epi-

Large T anfigen
- av

a

Fig. 2. (A) Schematic of MCV genome. Genome walking was used to clone the full MCV genome from
tumor MCC350. The genome encodes typical features of a polyomavirus, including large T (purple) and
small T (blue) open reading frames. Also shown are predicted VP1 (green) and éverlapping VP2 (orange)
and VP3 (yellow) genes. DTS1 and DTS2 (red) represent cDNA fragments originally identified by DTS
screening, The former was used to identify MCV, and the latter is a spliced transcript with no homology
to known polyomavirus sequences. (B) Neighbor-joining trees for putative MCV large T, small T, VPL, and
VP2 proteins. The four known human polyomaviruses (BKV, JCV, KIV, and WUV) dluster together in the
SV40 subgroup (blue), whereas MCV is most closely related to MuPyV subgroup viruses (red). Both
subgroups are distinct from the avian polyomavirus subgroup (orange). Scale bars indicate an
evolutionaty distance of 0.1 amino acid substitutions per position in the sequence.

somes, then a ~5.4 kilobase (kb) band will be
present (integrated-concatenated virus will also
generate a ~5.4 kb band); (ii) if MCV DNA
integrates polyclonally, as might occur during
secondary infection of the tumor if MCV is a
passenger virus, then diffuse hybridization from
different band sizes is expected; (i) if MCV DNA
ntegrates at one or a few chromosomal sites, then
the tumors will have identical or near-identical
non-5.4-kb banding patterns; or (iv) if MCV
DNA integrates at different chromosomal sites
before clonal expansion of the tumor cells, then
distinct bands of different sizes will be present
(monoclonal viral integration).

Eight of 11 MCC DNA.samples (including
MCC348 metastasxs ﬁom MCC347) digested with
either. BamHI or EcoRI showed mobust MCV
hybndlzanon, and ﬁme componded to the same
tumors: posxuve by PCR analysis with multiple
primers (Fig. 3A and ﬁg_ $3). Monoclonal viral
integration (pattem iv) was evident with one or
both enzymes in six fumnors; MOC339, 345, 347,
348, 349, and 352 (solid arrowheads). EcoRI di-
gestion-of MCC339; for example, produced two
distinct 7.5~ and 12.2:kb bands that would arise
only if MCV i is mtegmted at a single site in the
majority of tumor cells. MCC344 and 350 bands
have episomal or integrated-concatemeric bands
(open arrowhead, -pattern i). MCC352 has a mono-
clonal integration pattern (solid arrowheads, pat-
tern iv) on BamHI digestion as well as an intense
5.4-kb band (open arrowhead), consistent with an
integrated concatemer. All three tumors negative
by PCR with ethidium bromide staining (MCC337,
343, and 346) were also negatwe by direct

~ Southern blotting.

Table 1. PCR for MCV DNA in MCC tissues. A
plus symbol indicates that the sample was
strongly positive by ethidium bromide staining
only with one or more primers, A minus symbol
indicates that the tissue was negative for all
primers. Entries with* both “plus and minus
symbols, indicate that the sample was negative
by ethidium bromide staining but positive after
Southern hybridization of PCR products.

MCC cases (n = 10)

Patient Tissue ID MCV positivity
1 MCC337 —I+

2t MCC338 +

2 MCC339 +

3 MCC343 -

4 MCC344 +

S MCC345° +

6 MCC346 -

7 MCC347 . +

7% MCC348 +

8 MCC349 +

9 MCC350 +
10 MC(C352 +

Total. (%) 8/10 (80)

1MCC338 was from an infiltrating tumor in skin tissue ad-
jacent to MCC339 tumor. $MCC348 taken from a meta-
static:lymph node from MC(347.
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The Southem blot banding patterns (Fig. 3A) -

were identical for MCC347 and its metastasis,
MCC348, in line with 3'-RACE results (Fig. 1B)
and confirming that MCC348 arose as a meta-
static clone of MCC347. Because the genomic
integration site (the PTPRG locus on chromo-
some 3p14) is mapped for these tumors, we per-
formed Southem blotting with flanking human
sequence probes to examine cellular monoclo-
nal integration. Nhel-Sacl digestion of MCC347

MCCs _

;gf eéa&&?avﬁ%

BamHi

WO S adkop
Fig. 3. Clonal McV integration in MCC tumors
detected by direct Southern hybridization. (A) DNA

digested with BamH! (left) or EcoRl (right) and
Southern-blotted with MCV DNA probes reveals

different banding patterns in each tumor, includ- = -

ing >5.4-kb bands. Open arrowhead shows the

and 348 is predicted to generate a 3.1-kb frag-
ment from the wild-type allele and a 3.9-kb frag-
ment from the allele containing the integrated
MCV DNA. Hybridization with a flanking hu-
man PTPRG sequence probe revealed that the
3.9-kb_allele was present in MCC347 and 348
DNA but not in control tissue DNA ( Fig. 3B).
As predicted, the same fragment hybridized to a
MCV T antigen sequence probe, consistent with
both cellular and viral monoclonality in this tu-

= & MCCs

T
122 %

5.1

4.1

Human
Chr3

Probe:

LT1,LT2

expected position for MCV episomal or concatenated-integrated genome (5.4 kb) with correspondmg
bands present in tumors MCC344 and 350. Tumors MCC339, 345, 347, 348, and 349 have different band
sizes and doublet bands (solid arrowheads), consistent with genomic monoclonal integration. MCC352

has a prominent 5.4-kb band as well as higher and lower molecular weight monoclenal integration bands .
{BamHl), consistent with an integrated concatemer. Tumors MCC337, 343, and 346 have no MCV DNA

detected by Southem blotting [bands at 1.5 kb (kidriey) and 1.2 kb (MCC346) are artifacts]. (B) Viral and

cellular monodlonality in MCC347 and 348. Tumor MCC347 and its metastasis MCC348 were digested with
Sacl and Nhel. and Southem-blotted with unique human flanking sequence probe [Chr3 (red), left] or viral,

probes [LT1 and LT2 (yellow), right]. The wild-type huiman allete s present in all samples at 3.1 kb Qeft). The

MCC tumors, however, have an additional 3.9-kb alletic band formed by MCV DNA insertion into chromosome

3p14 Hybridization with probes for MCV T antigen sequence {yellow, right) generates an identical band

b
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mor. These results provide evidence that MCV
infection and genome integration occurred in this
tumor before clonal expansion of tumor cells.
MCV in MCC may have some parallels to high-
risk human papillomavirus (HPV), which causes
cervical cancer mainly afler viral episome dis-
tuption and integration into the cervical epithelial
cell genome (16).

If MCV plays a causal role in tumorigenesis,
it could conceivably do so by several mecha-

" nisms, including T antigen expression, insertional

mutagenesis, or both. Our DTS results show tu-
mor expression of MCV T antigen, which has con-
sexrved Dnal (4), pocket protein-binding LXCXE
(17), and pp2A-binding (/8, /9) domains pre-
viously shown to play roles in polyomavirus-
induced cell transformation. Mutational disruption
of the PTPRG gene, which is suspected to be a
tumor suppressor (20), could also play a role in
MCQC, although our Southem blot data suggest
that MCV integration occurs at various genormc
sites in different MCC tumors.

Our study validates the utility of DTS for the
discovery of cryptic human viruses, but it has also
revealed some limitations of the approach. Of
the four tumors we sampled, only one (MCC347)
was infected at high copy number MCV tran-

scripts in this tumor were present at 10 transcripts -

per million or about 5 transcripts per tumor cell.
In future searches for other directly transforming
tumor viruses (27), DTS should be used on mul-
tiple highly uniform samples sequenced to a
depth of 200,000 transcripts or greater. Because
DTS is quantitative, it is less likely to be useful in
its current form for discovery of low-abundance

" viruses in autoimmune disorders or other chronic”

infectious diseases. Discovery of MCV by DTS
nonetheless. shows that DTS and related” ap-
proaches (22) are promising methods to identify
previously unknown human tumor viruses.
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Table 2. PCR for MCV DNA in comparison control tissues (n = 84). For detailed description of tissues and tissue sites, see table $2. MCV pasitivities
marked with plus and minus symbols together are as in Table 1. For the various body site tissues, there were 59 samples; for the skin and skin tumor

tissues, the sample size was 25 (table S2).

MCV positivity
_ Various body site tissues
Total MCV negative (%) 54/59 (92)
Total MCV positive (%) 5/59 (8)
Appendix control 1 i+
Appendix control 2 i+
Gall bladder —+
Bowet —i+
Hemorrhoid I+
Skin and skin tumor tissues
Total MCV negative (%) 21725 (84)
Total MCV positive (%) 4/25 (16)
Skin —+
KS skin tumor 1 —
KS skin tumor 2 I+
KS skin tumor 3 —I+
21. . Parsonnet, in Microbes and Malignancy, }. Parsonnet, Supported in part by funds from NIH R33CA120726 Figs. 51 to S3 -
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ytldwide Human Relationships
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Human genetic diversity is shaped by both demographsg and biological factors and has fundame

implications for understanding the genetic basis-of disea
from 51 populations of the Human Genome Diversity Panel aNg50,000 common single
polymorphism loci. Individual ancestry and population substruct
resolution. The relationship between haplotype heterozygosity and gedggaph

8§ We studied 938 unrelated indjyduals
cleotide
s were detectablefith very high .
ds consistent with

the hypothesis of a serial founder effect with a single origin in sub-SahargeCAfrica. In addition, we

observed a pattern of ancestral allele frequency distributions that ref]e
dynamics among geographic regions. This data set allows the mgs’comprehensive

to date of human genetic variation.

sequence variation has dramatically incregsed
our knowledge of the relationships afhong
and history of human populations. Adialyses of
mitochondrial, Y chromosomal4nd autosomal
markers have revealed geggf@phical structuring
of human populations ap#ffe continental level (/~3)
and suggest that a_srfiall group of individuals mi-
grated out of gadtern Affica and their descendants
subsequepdly expanded into most of today’s pop-
ulatipn®'(3—6). Despite this progress, these studies
vére limited to a small fraction of the genome, to

In the past 30 years, the ability to study DNA

variadjon in population
aracterization

mited populations, or both, and yield an ¥
complete picture of the relative importance of
mutation, recombination, migration, demogra-
phy, selection, and random drift (7-10). To
substantially increase the genomic and popula-
tion coverage of past studies (e.g., the HapMap
Project), we have examined more than 650,000
single-nucleotide polymorphisms (SNPs) in
samples from the Human Genome Diversity
Panel (HGDP-CEPH), which represents 1064
fully consenting individuals from 51 popula-
tions from sub-Saharan Africa, North Affica,

Europe, the Middle East, South/Central Asja
East Asia, Oceania, and the Americas (/)7 This
data set is freely available (/2) agd”allows a
detailed characterization of wogdwide genetic
variation. _

We first studied gerfetic ancestry of each
individual withoy#”using his/her population
identity. This affalysis considers each person’s
genome ge7having originated from X ancestral
but upebserved populations whose contributions

described by K coefficients that sum to 1 for
each individual. To increase computational effi-
ciency, we developed new software, frappe, that
implements a maximum likelihood method (73)
to analyze all 642,690 autosomal SNPs in 938
unrelated and successfully genotyped HGDP-
CEPH individuals (/4). Figure 1A shows the
results for K= 7; those for K= 2 through 6 are in
fig. SI. At K = 5, the 938 individuals segregate
into five continental groups, similar to those re-
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Brucellosis in a Returned Traveler and His Wife: Probable
Person-To-Person Transmission of Brucella melitensis
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rucellosis is the most common zoonosis world-

wide, with more than 500,000 new human cases
annually. Although brucellosis is primarily trans-
mitted to humans through the consumption of un-
pasteurized dairy products contaminated with
Brucella species, several reports have indicated that
brucellosis may be transmitted from a man to his
female partmer. Ithas been suggested that sexual in-
tercourse is a means of transmission in these cases.
Here, we describe an additional case of probable
person-to-person transmission of Brucella melitensis
inan elderly couple.

Case Report 1

A previously healthy 64-year-old Japanese man
with a 6-week history of febrile illness was admitted
.to hospital in Tokyo, Japan, on June 2, 1998,
following a 10-day visit to Baghdad, Iraq, on March
8, 1998. He also complained of severe lower back
pain for 1 week. Findings on admission were fever
(maximum temperature, 39.5°C) and normal pulse
rate (80 beats/min). Neither heart murmurs nor
adventitious breath sounds was heard. The liver was
palpable 2 cm below the right costal margin; yet, the
spleen was not palpated. He had tenderness of the
lumber spine without abnormal neurological find-
ings. He had no signs of epididymoorchits. The
white blood cell count was 8,400/pL and hemoglo-
bin concentration 12.5 g/dL. Liver function tests
showed elevation of alkaline phosphatase (378 TU/
L) and alanine aminotransferase (67 IU/L). The
erythrocyte sedimentation rate was 67 mm/h. Uri-
nalysis findings were normal. Chest X-ray showed
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Center of Japan, 1-21-1 Toyama, Shinjuku, Tokyo 162-
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no opacities. T1-weighted magnetic resonance
imaging of the spine revealed decreased signal

intensity in the .3, L4, and LS vertebral bodies and -

adjacent epidural space. These findings indicated
that the patient had spondylitis, complicated by an
epidural abscess.

The Gram-negative bacilli yielded by the blood
culture at admission were subsequently confirmed
as Brucella melitensis biotype 2. The Brucella ant-
body titer by the tube agglutination test was 800 TU.

In addition, bone marrow and liver biopsy speci- |

mens showed evidence of granulomas consistent
with brucellosis. A detailed travel history revealed
thathe had consumed sheep’s cheese during his stay
in Iraq. After confirmation of brucellosis, he was

‘treated with intramuscular streptomycin (1 g daily),

oral doxycycline (100 mg twice daily), and rifampi-
cin (600 mg daily) for 1 month, and the fever and
lower back pain gradually subsided. This treatment
was followed by oral rifampicin (600 mg daily),

mmethopnm—sulfamethoxazole (two standard-

strength tablets twice daily), and tosufloxacin
(200 mg thrice daily) for 4 months, with complete
resolution.

Case Report 2

The wife of patient 1, a previously healthy 60-year-
old Japanese woman, began to complain of fever and
painin the leftsternoclavicular jointon May 31,1998.
Cultures of blood and the joint fluid grew Bmelitensis
biotype 2. The Brucella antibody titer by the tube
agglutination test was 400 IU. She was success-
fully treated with oral rifampicin (600 mg daily) and
doxycycline (100 mg twice daily) for 6 weeks in
combination with intramuscular streptomycin (750
mg daily) for the first 3 weeks. She did not visit Iraq
with her husband and had no other risk factors for
brucellosis.

© 200 nt?:rnation;l Society of Travel Medicine, 1195-1982
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Discussion

The Middle East, including Iraq, has the highest
incidence of brucellosis in the world, whereas
Japanis considered to be a brucellosis-free country.’
Brucellosis is one of the reportable infectious dis-
eases in Japan. According to the national surveil-
lance data, only three cases of human brucellosis
and two of livestock brucellosis were reported
between 1999 and 2005 in Japan. No outbreaks of
animal or human brucellosis were reported in
Japan in 1998. Considering the incubation period
ofbrucellosis (usually 2-4 wk, up toseveral months),
his consumption of sheep’s cheese in a brucellosis-
endemic country, Iraq, and the rarity of brucellosis
in his residential country, Japan, it is likely that
patient 1 contracted brucellosis during his stay
abroad. _

The serial interval of the disease onset between
patient 1 and patient 2 was approximately 1 month,
which is similar to the mean incubation period of
human brucellosis. Although the incubation period
of brucellosis varies widely, it is difficult to argue
that a common source exposure, such as food poi-
soning, occurred in these two patients, since patient
1 did not bring any dairy products or animals into
Japan from Iraq. Furthermore, patient 2 had no
other epidemiological links to brucellosis. There-
fore, it is strongly suggested that the disease was
transmitted from patient 1 to patient 2.

Through a PubMed search (1966-2005), we
found six case reports of probable person-to-person
transmission, excluding cases associated with blood
transfusion, bone marrow transplantation, and
breast-feeding (Table 1). Two of them are associ-
ated with international travel. In summary, it seems
that men with symptoms of brucellosis are able to
transmit the disease to their female partners. It is
speculated that sexual transmission occurred in
these cases since this is well known in animals. In-
terestingly, Mantur and colleagues reported that
B melitensis was isolated from the semen, urine, and
saliva of a man with epididymoorchitis, who trans-
mitted the disease to his wife.®* However, the pres-
ence of epididymoorchitis does not seem to be
related to the transmissibility of human brucellosis.
Furthermore, another report described that B meli-
tensis was isolated from the sperm of one patient.®
Patient 1 reported that he had intercourse with pa-
tient 2 during the initial stages of the disease. There-
fore,weconsiderthatperson-to-persontransmission,
probably sexual transmission, of B melitensis oc-
curred in our case.

227
T Travel Med 2007; 14: 343345

Table 1 Published case reports of probable person-to-person transmission of brucellosis between men and women (English literature only)

Present case

Thalhammer et al’

Mantur et al®

Stantic-Pavlinicetal' Rubenetal* Lindberg et al’

Goossens etal?

Case reports

25, male, travel to 65, male, travel to

30, male, animal

35, male, travel to

s

25, male, laboratory 34, male, laboratory 61, male, laboratory

Age (y), sex, risk factor

endemic area

Absent
Syria

endemic area

Absent
Iraq

exposure
Present
India

“endemic area

Present
Spain

exposure

Absent
United States

exposure

Absent
Yugoslavia

exposure

Absent

of primary case

Epididymoorchitis
Country where primary = Belgium

case was infected
Age (y), sex, relationship

60, femnale, spouse

ND, female,
girlfriend
2 mo

22, female, spouse

30, female,

61, female, spouse

30, female, spouse

21, female, fiancée

girlfriend

5 mo

of secondary case
Serial interval berween

1 mo

1 mo

8 mo

3 mo

3 mo

two cases
Isolated Brucella species

B melitensis biotype 2 B melitensis biotype 3 B melitensis biotype B melitensis biotype 1 Brucella abortus B nelitensis biotype 2

Brucella elitensis

biotype ND

Sexual intercourse Sexual intercourse

Sexual intercourse  Sexual intercourse

Sexual intercourse

biotype 3
Sexual intercourse  Sexual intercourse

and biotype
Suspected transmission

Katoer al.

route

ND = not determined.



Unusual Modes of Transmisston of Brucellosis

Although it has a little role in the epidemiology
of brucellosis, person-to-person transmission is
rather important in areas where brucellosis is not
endemic such as most of developed countries; bru-
cellosis has become a common imported disease in
these areas.” Febrile-returned travelers should be
educated to abstain from sexual intercourse because
they could transmit the diseases to their partners.
We would like to add brucellosis to the list of travel-
related infections that are transmissible through
sexual intercourse. This unusual mode of trans-
mission of a common zoonosis requlres special
attention.
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Plague Reappearance in Algeria
after 50 Years, 2003

Eric Bertherat,* Souad Bekhoucha,t Saada Chougrani,} Fathia Razik,t Jean B. Duchemin,§
Leila Houti,} Larbi Deharib,} Corinne Fayolle,{ Banaouda Makrerougrass,} Radia Dali-Yahia,t

Ramdan Bellal,} Leila Belhabri,# Amina Chaieb,

An outbreak of plague occurred in the region of Oran,
Algeria, from June to July 2003. Algeria had not reported this
disease for >50 years. Eighteen bubonic cases were identi-
fied, and Yersinia pestis was isolated from 6 patients. Except
for the index case-patient, all patients recovered. Targeted
chemoprophylaxis, sanitation, and vector control played a
crucial role in controliing the outbreak. Epidemiologic and
biomolecular findings 'strongly suggested the existence of
alocal animal reservoir during this period, but its origin (re-
surgence or re-importation) could not be determined. This
sudden and unexpected reemergence of plague, close to
an important commercial seaport, is a textbook illustration
of a public health event of international importance. it also
demonstrates that the danger of plague reoccurrence is not
limited to the currently indexed natural foci.

lague is primarily a bacterial zoonosis affecting rodents.

It is caused by Yersinia pestis and is transmitted from:
animal to animal by fleas. Humans usually become infected
through the bite of an infected rodent flea. Bubonic plague,
a severe infectious disease which, in the absence of appro-
priate antimicrobial drug therapy, can evolve to a rapidly
fatal septicemia or pneumonia, can develop. A pneumonia
form, which enables direct transmission to contacts, can be
responsible for highly lethal outbreaks.

Currently, plague natural foci persist in Asia, the
Americas, and Africa (where most human cases occur) (7).
Plague foci have previously existed in the northern part of
Africa but gradually disappeared in the last century, for
unknown reasons. Libya is the only north African country

*World Health Organization, Geneva, Switzerland; tUniversity
Hospital, Oran, Algeria; fUniversity of Medicine, Oran, Algeria;
§Centre d'Etude et de Recherche pour les Meningocoques et les
Schistosomiases, Niamey, Niger; finstitut Pasteur, Paris, France;
and #Institut Pasteur, Oran, Algetia ' '
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that has experienced human cases in the past 40 years (2).

In Algeria, archives report epidemics of plague as far back

as the 14th century. These epidemics mainly affected ports,

particularly that of Oran in 1556 and 1678 (3,000 deaths).

In 1899, after an absence of nearly 100 years, plague re-
appeared in the port of Philippeville (now Skikda). Three
large epidemics were subsequently reported in 1921 (185
cases), 1931 (76 cases), and 1944 (95 cases) as well as 158
sporadic cases. All but 2 cases occurred in ports (3,4). No
natural focus of plague had ever been described in Algeria
(5). We describe an outbreak of bubonic plague that. oc-
curred in 2003 in Algeria, where the last reported human
case occuired in Oran in 1946 (6).

Methods
During June 9-18, 2003, several patients with signs of
severe infection and painful inflammatory adenopathy were

admitted to the University Hospital of Oran. All came from ;™
Kehailia (35°29'N, 0°32'E), a village of 1,300 inhabitants - -

25 km south of Oran. After eliminating all other possible
differential diagnoses, clinicians suspected plague. The di-
agnosis was confirmed on June 18 by results of analysis of
a bubo (lymph node) aspirate. A technical crisis commit-
tee was set up, and a case definition was adopted (Table).
Any patient with a febrile syndrome and adenopathy who
resided in the prefecture of Oran was hospitalized.
Clinical samples collected from patients (blood, bubo
aspirate, cerebrospinal fluid) were sent to the Microbiol-
ogy Department, University Hospital, Oran. Several of the
initial cases were first diagnosed with the rapid diagnostic
test (RDT) for plague developed by the Institut Pasteur (7);
however, all samples were also examined with standard
bacteriologic methods. Direct examination of smears was

- performed after Wayson and Gram staining. Blood samples

were cultured in Castaneda medium for at least 10 days
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Table. Plague case definition adopted by technical crisis
committee, 2003 plague outbreak, Oran region, Algeria*

Case definition Criteria

Suspected Clinical and epidemiologic characteristics
compatible with plague; or, observation of
suspect microorganisms on direct
examination of clinical samples
Suspected case with anti-F1 antibodies in
patient’s blood; or, suspected case with a
positive RDT without isolation of Yersinia
pestis or in the absence of other cases
reported in a radius of 10 km around the
case

Culture positive for Y. pestis; or, RDT
positive and Y. pestis isolated from patients
living in a radius of 10 km around the case
*RDT, rapid diagnostic test.

Probable

Confirmed

at 28°C and examined daily. Suspected samples were in-
oculated into brain heart infusion and peptone broth and
streaked on blood agar and cefsulodin-irgasan-novobiocin
(Merck, Rahway, NJ, USA) plates. All media were incu-
bated at 28°C. Bacterial identification was conducted with
API 20 E strips (Analytab Products, Syosset, NY, USA) or
individual tests in tubes. The biovar was determined (8).
Antimicrobial drug susceptibility testing (ampicillin, amox-
icillin-clavulanic acid, cefazolin, cefotaxime, gentamicin,
amikacin, sulfamethoxazole, doxycycline) was conducted
according to the technique of the Clinical and Laboratory
Standards Institute (www.clsi.org). The serodiagnosis was
determined by the ELISA-F1 technique (9). Serum samples
from 30 study participants who had not contracted the dis-
ease but lived in the same area as the patients were used to
determine the positive threshold of the technique. A serum
was regarded as negative if its optical density at 490 nm
(OD,,)) was lower than a threshold defined as the mean (M)
OD,,, value of normal sera + 3 standard deviations (SD):
OD_,, <M + 3 SD. Sera with OD higher than this thresh-
old were regarded as weak when the ratio R = OD,,/
(M + 3SD) was <2 and positive if R was >2.

Results

On June 9, 2003, a 19-year-old shepherd living in
Kehailia was hospitalized with signs of septic shock (pa-
tient no. 2) (online Appendix Table, available from www.
cdc.gov/EID/content/13/10/1459-appT.htm). He had been
treated at home unsuccessfully with cephalosporins for in-
guinal adenopathy and fever during the previous 8 days.
In the same village, 6 similar cases (nos. 3—8) occurred in
the following days, until the diagnosis of plague was sus-
pected and confirmed on June 18, first by RDT and then by
isolation of a bacterium that had all the characteristics of
Y. pestis biovar Orientalis and was susceptible to the an-
timicrobial agents tested. The epidemiologic investigation
uncovered the index patient (no. 1), an 11-year-old child
from Kehailia who was a cousin of case-patient 2. On June
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2, an inguinal adenopathy with fever developed, and pa-
tient 2 was transferred to the hospital. He died 3 hours later,
without a precise diagnosis.

Following the sanitation measures (reduction of rodent
harborage, garbage removal, and vector control) imple-
mented in Kehailia, no new cases of plague were reported
in this locality after June 17. On June 19, a woman living in
the suburbs of Oran (Hai Oussama) was hospitalized with
bubonic plague (patient 9). The investigation showed that
she had gone to Kehailia in the preceding days to consult
a healer. Five cases of bubonic plague (nos. 10, 11, 14, 15,
and 17) subsequently occurred from June 21 to July 16
among persons living in villages around Kehailia.

On June 28, a farmer and his wife (patients 12 and 13)
who resided in Ain Temouchent, 50 km west of Kehailia
(Figure), were hospitalized in Oran for symptoms sugges-
tive of plague. The patients reported that they had not left
their farm during the weeks preceding their illness. On
July 1, a child from Beni Saf, on the Mediterranean coast
100 km southwest of Kehailia (Figure), had clinical signs
of bubonic plague and a positive RDT result (patient 16).
Neither he, nor his parents, had gone to the area of Kehailia
or Ain Temouchent during the previous days. The last case
(patient 18) occurred on July 22. The patient, a hunter who
lived in Oran, had walked in the forest of M’sila, 30 km
northwest of Kehailia, a few days before onset of his clini-
cal signs.

Altogether, 18 cases were identified June 4-July 22,
2003: 10 confirmed, 3 probable, and 5 suspected (or 12
confirmed, 2 probable, and 4 suspected, according to the
new World Health Organization case definition [7]). Most
of the patients lived in unsanitary conditions, in close con-
tact with livestock, and in the vicinity of storage areas of
grain and fodder. In Kehailia, all the case-patients resided
in different dwellings located within a 200-m radius. None
of them reported direct contact with rodents. Sixteen of the
18 patients had an inguinal bubo, indicative of a flea bite on
the leg. A septicemic form of plague developed in patients
I and 2. Patient 1 died very soon after hospital admission.
Patient 2 was admitted with a severe fever and neurologic
syndrome and fell into a deep coma, despite. broad-spec-
trum antimicrobial drug treatment that included vancomy-
cin, cefotaxime, and gentamicin. He recovered from the
coma 48 hours after treatment with ciprofioxacin (500 mg
2x/d for 30 days) was completed (F. Razik et al., unpub.
data). No case of secondary pulmonary dissemination was
observed. Other plague patients were treated with either
doxycycline for adults (200 mg/d for 10 days) or cotrimox-
azole for children (40 mg/kg/d for 10 days). All recovered
without sequelae.

On the whole, 60 bubo aspirates, 143 blood samples,
6 sputum samples, and 2 cerebrospinal fluid samples were
analyzed. In § samples, smear stains suggested infection
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Figure. Geographic distribution of plague
cases, Oran region, Algeria, June-July
2003. Boundaries and names shown and the

designations used on this map do not imply
the expression of any opinion whatsoever

. on the part of the World Health Organization

(WHO) concerning the legal status of

any country, territory, city, or area or of its

authorities, or concerning the delimitation of
its frontiers or boundaries. Dotted lines on
maps represent approximate border lines for
which there may not yet be full agreement.
: Data source: Ministry of Health Algeria. Map
> production: Public Health Mapping and GIS,
¢ Communicable Diseases, WHO. Copyright
= WHO, 2006. Used with permission.

with Y. pestis (online Appendix Table). Among the 18
patients, 12 had a positive RDT result, but Y. pestis was
isolated from only 6 patients: 5 from bubo aspirates and
1 from the blood culture of a patient whose bubo was too
small to be punctured (patient 13). Results of ELISA-F1
serologic test conducted on the serum samples from 15 of
the 18 patients were strongly positive 3 times and slightly
positive 3 times (online Appendix Table).

Discussion

Epidemiologic investigation did not identify any other
plague patients before patient 1. It is unlikely that other
cases occurred and remained undetected during this period
since plague, even in its bubonic form, is a severe infection
with high fatality rates.

For the first time, the RDT was used in an epidemic
situation outside of Madagascar, where it was developed.
The case definition had to take into account this particular-
ity. The bacteriologic diagnosis is a long procedure (at least
4 days) and, in this epidemic context, RDT contributed to
the effectiveness of the response. Of the 44 RDTs that were
conducted, 12 had positive results; by contrast, culture
was positive only for 6. Among the 15 patients for whom
a serologic test was conducted (online Appendix Table), a
specific antibody response developed only in 6. This ab-
sence of specific antibodies can be explained by the fact
that serum specimens were taken before the appearance of
anti-F1 immunoglobulin G, or by a rapid administration
of antimicrobial drugs, which stopped development of an
immune response. The 3 clearly seropositive patients were
those from whom a positive culture was obtained.

The outbreak occurred in a poor rural settlement, with
inadequate sanitation. The residents observed an increase
in the population of commensal rodents, which is often as-
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sociated with the harvesting period, but no unusual rodent
mortality was noted during the weeks preceding the out-
break. The appearance during the same week of 2 new cas-

‘es in Ain Temouchent (50 km west of Kehailia) and then 1

case in Beni Saf (100 km southwest of Kehailia) could not
be explained. Nonetheless, the fact that the Y. pestis strains
isolated in Kehailia and Ain Temouchent had identical pul-
sotypes (V. Chenal-Francisque et al., unpub. data) argues
for a single focus and not for independent foci that emerged
simultaneously.

A crisis committee designed and supervised a control
strategy based on standardized case management, pro-
phylactic treatment and follow-up of contacts sharing the
same dwelling as plague patients, and vector control. En-
vironmental sanitation measures in Kehailia contributed to
reduction .in the occurrence of new cases in this village.

Intra- and peridomestic spraying with permethrin was con- !

ducted. Deltamethrin was dusted on the tracks and around
the burrows of rodents located in a radius of 10 km around
the dwelling of the patients. Uncontrolled killing of rats
was prohibited. ;

No natural focus of plague had ever been described
in Algeria. Past cases were always regarded as imported
through the ports. The reappearance of human cases in this
area can be explained in 2 ways: a recent importation of in-
fected animals or a sudden manifestation of a natural focus
that had remained silent for décades. It is noteworthy that
Kehailia, the epicenter of the outbreak, is in the vicinity of
flour mills built 4 years before the outbreak. These mills are
supplied regularly with cereals by trucks arriving from the
port of Oran. A part of this traffic was still run by railway
a year before the outbreak, and a marshalling yard was in-
stalled a few kilometers from Kehailia. In 1919, this mode
of importation was responsible for the plague outbreak that
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