B19 DNA IN AHF

TABLE 1. B19 DNA prevalence and levels in FVIll concentrates made during 1993 to 1998*

¥

Fasitive lotsflols

B19 DNA {geqg/mL) -ameng positive lotst

Product VI/A and purification tested (%) 10F =10 =10 =10 "=10F =10 Log geomean * SEM
A . 8/D, affinity, dry/B0°C/72 hr 913 (69) [\ 0 2 2 2 3 2.3 041

B /0, immunoaffinity (SP) 22/25 (88t 0 0 7 10 3 2 3.0 = 0.20§

c " 8D, immunoafinity (RP) 14115 (93)t 0 2 2 8 - 2 0 3.3 + 0.24§

D 31D, gel filtration chromatography 1515 {100)¢ 2 6 1 2 3 1 3.9 £ 042§

E . Welt/60°CHOhr 16/25 (64) 2 2 2 1 5 4 2.9 + 0.45§

F WetIGO?CI'IO hr, immunoaffinity 24/43 {56) - o o 0 3 17 10 1.7 = 0.14

Total 1001136 (74) 4 10 14 26 26 20

* Product C from recovered pfasma (RP) and all other products from source p|asrna {SP); information regarding viral inactivation/remnoval
(VI/R) and product purification procedures are from products' package inserts.

1 812 DNA-positive lots were categorized into groups, according to the level of B19 DNA. For 1993 to 1998, no positive lot was found lo
have fewer than 10 geq.per mL; hence this category was not used. Categorization was done according 1o the following example: the at
least 102 group indicates the number of positive lofs containing less than 10° but at least 102 geq per mL. Levels in the last co!umn are -
expressed as log geomean = standard error of log geomean {(SEM) among posifive lots. .

i p<0.01 when comparad to Product F; p < 0.05 when compared to Product E.

§ p<0.01 when Prodyct 8, C, or D compared to Product F; p < 0.05 when Producl E compared to Product F.

ing process are indicated in Table 1. Detectable B19 DNA
in these products ranged from 56 to 100 percent of the lots
tested (Table 1). The prevalence in either Product F or Pro-

duct E was significantly lower than that in Products B, C,

and D. Product F was a high-purity AHF product sub-

jected to both wet heating at 60°C for 10 hours and puri- -

fication by immunoaffinity chromatography utilizing
monoclonal antibody (MoAb) to von Willebrand Factor
(VWF}, whereas ProductE was an intermediate-purity
product subjected only to wet heating. Interestingly, both
Product B and Preduct C, which were S/D-treated, high-
purity AHF products subjected to purification by immu-
noaffinity chromatography utilizing MoAb to FVIL, had a
significantly higher positive rate than the wet-heated,
high-purity Product E In addition, the prevalences in lots
of Products B and C, which were derived from source
plasma and recovered plasma, respectively, were 88 and
93 percent, and hence there appeared to be no difference
in prevalence of B19 as a function of the type of starting
plasma, Three of the products, viz., A, E, and E underwent

manufacturing that included a heating step. When these

were compared with the other pioducts (B, C, and D), the
prevalence was faund to be significantly lower (p < 0.001),
suggesting that heating was partially effecnve in eliminat-
ing detectable B19. _

The highest level of B19 DNA in AHF products was
10° geq per mL found in 2 lots each of Products D and E
(Table 1). Among 100 B19 DNA-positive lots, 54 lots (54%
of the positive lots or 40% of the lots assayed) contained
10° geq per mL. Product E which had the lowest preva-
lence of positive lots, also had the lowest B19 DNA levels
among all products. The S/D-treated, immunoaffinity-
purified Product B or Product C had significantly higher
levels of B19 DNA when compared 1o Product E There
was no apparent difference in levels betweer Products B
and C, which were derived from different types of start-
ing plasma. Comparing the level of B19 DNA in heated

product (A, E, and F} with that in unheated products (B,
C, and D), suggested that heating was somewhat effective
in lowering B19 contamination. Products E and  E
however, differed significantly in B19 content (p < 0.01},
despite the fact that both were heated for 10 hours at
60°C in solution during manufacture. Thus individual
manufacturing steps (e.g., heating and immunoaffinity -
purification) can apparently be additive in their effects
on B19.

Prevalence and levels of B18 DNA in lots
manufactured during 2001 to 2004: effects of B19
NAT screening

To investigate the effect of minipool NAT screening by B19
NAT, we assayed AHF products made during 2001 to 2004
and compared the results with those from comresponding
product lots made during 1993 to 1998. This appeared to
be a valid comparison, inasmuch as the VI/R and product
purification procedures for AHF products were essentially
unchanged over this time span. The prevalence of B19
DNA in lots of products made from souice plasma (i.e., all
except Product C) ranged from 131027 percent (Table 2).
Moreover, all positive lots (25/129) made from source
plasma contained less than 1¢® geq per mL, with 21 lots
containing less than 1(” geq per mL. Among 4 positive lots
detected in Products A, B, and D, which had less than 10?
but atleast 187 geq per mL of B19 DNA, 3 lots were made in
2002, whereas 1 lot was made in 2004. In conirast, the
prevalence in Product C, which was made from recovered
plasma and had not been screened for B19 DNA, was
90 percent and the level of B19 DNA ranged as high as
10* geq per mi, with 9 of the 17 paositive lots (53%) con-
taining 10° geq per mL- Thus B19 NAT screening of plasma
effectively lowered the B19 DNA level in all five products
derived from source plasma, and in 81 percent of these
129 lots B19 DNA was undetectable. The product made
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TABLE 2. B19 DNA prevalence and levels jn FVIll concentrates made during 2001 to 2004

B19 DNA (geg/mL) among positive lots*

1 p<0.01 when compared to Product B.
§ p<0.01 when compared o Product B,

Product Positive lotsflots tested (%) . 2104 =10° =107 =10 <10 {og geomean = SEM
A 8/30 (27) 0 0 -2 1 5 -1.8 2054

B . . 224 {13) 0 - 4] 1 2 ¢ 1.6 £043

ct . 1719 (90} 2 7 5 2 1 2.9 + 0.25§
o 4116 {25) 0 0 i i 2 1.4 = 0.55

E 6728 (21) 0 0 0 3 3 0.86 = 014

F 431 (13) 0 0 0 0 4 0.54 +0.04

Total (C excluded) 25/129 (19) 0 0 4 7 14 '

* See Table 1. ' - .

1 See Tabie 1.

1 Product subjected to additional dry healing at 80°C for 72 hours dunng this period.

TABLE 3. Anti-B19 IgG in FVIll concentrates*
Positive iotsAots tested -

Product 19931998 ~ 2001-2004
A 04 . 05
B o 1711 o5
¢ i /g o4 -
D 03 ' 0/4
E 10/10 ' 8/8
F 03 - 0/

* For Products B and C, lots {made in 2001-2004) testad for
anti-B19 were not exclusively 819 DNA-positive.

from unscreened recovered plasma exhibited not only a
prevalence that was virtually unchanged over the two time
periods but also levels of B19 DNA that were not signifi-
cantly decreased.

Anti-B19 igG in FVIIl concentrates

A small sampling of lots {most of which were B19 DNA—
positive) from each product was analyzed for the presence
of anti-B19 I1gG. B19 IgG was detected in ail lots of

Product E, an intermediate-pwrity AHF product whose .

manufacturing involved no chromatographic or affinity
purification step-(Table 3). In contrast, all other products
except Llot from Product B were found negative,

DISCUSSION

During the mid and late 1980s, manufacturing procedures -

for FVIII coricentrates changed greatly because of the
inclusion of steps designed to improve preduct purity
and/or to achieve VI/R. Since the early 1990s, however, the
product purification and VI/R procedures for AHE prod-
ucts have remained largely unchanged. In this study, the
prevalence and levels of B19 DNA in 136 lots representing
six AHF products, that is, three high-purity products
AProducts B, C, and F} and three intermediate-purity

products (Products A, D, and E), made in 1993 to 1998, -
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- were évaluated. Products B and C were made by an iden-
tical manufacturing procedure, whereas all other products

were made by different methods.

B19 DNA has been reported to'be preva]ent in AHF
products with levels as high as 107 geq per mL.5® In our
study, it was also found in the majority (74%) of the AHF

lots made during 1993 to 1998, with levels of B19 DNAup .~

to 10° geq per mL. Moreover, we found that the prevalence
of B19 DNA was 100 percent 'in early AHF lots made in

" the 1970s (data not showm). The manufacture of these-

lots involved no VI/R steps, and B19 DNA levels some-
times reached 10° geq per mL. Our data are consistent
with numérous reported B19 transmissions by FVIII con-
centrates subjected to either S/D or heat treatment or
both *'%

The wet-heated, high-purity Product F had the lowest
prevalence and levels of B19 DNA among $ix products
tested. Product E underwent a similar wet-heat treatment
and also exhibited a low prevalence. It contained high
levels of B19 DNA, however, apparently because its
manufacturing lacks the immunoaffinity purification pro-
cedure used for Product E An even more effective re-
moval procedure for B19 might be developed by further
exploiting this immunoaffinity-chromatography step
{utilizing anti-VWF). Interestingly, for Product B or C, the
immunoaffinity-chromatography step utilizing anti-Fvill
has been validated and found to remove 4 logs of a model
virus for B18, yet the prevalence and levels remained rela-
tively high compared to those of Product E

Products A, E, and E all of which underwent manu-
facturing that included a heating step, had a significantly
lower prevalence and B19 DNA levels than did unheated
Products B, C, and D, suggesting that heating was partially

effective in eliminating detectable B19. ProductA was

subjected to §/D treatment and affinity purification plus
dry heating in the final container at 80°C for 72 hours. B19
is known to withstand dry heating at high temperatures,
however, and transmissions have been documented in
recipients of such heated AHF products.!"'2 The possible
role of affinity phriﬁcation in removing and hence lower-
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‘ ing B19 DNA in Product A cannot be ruled out because

this method is used in combination with the dry heating.
In contrast, our data for wet-heated Products E and F are
consistent with the recent findings™* that B19 can be

~ susceptible 1o inactivation when heated in certain llqmd

media.

We also attempted to evaluate the possibie effect of

the type of plasma used on the prevalence and level of B19
in-the resulting AHF product. This came about because
Products B and C were derived exclusively from source

- plasma and recovered plasma, respectively, but made by
the same manufacturing procedure. To obtain a product

lot of comparable size, more units of recovered plasina are
needed when compared 1o source plasma because of the
difference in the volume of an individual unit. The results,

: however, suggest that there was no apparent difference
because a similar prevalence and level of B19 DNA in the

resulting product were obtained.

The prevalence of B19 DNA in blood and plasma
donors can vary widely,>**® probably reflecting whether
the collections were done at the time of an epidemic. The
degree of B19 viremia in positive donations can also span a
wide range,** with lower B19 DNA levels usually found in
anti-B19IgG—positive donors.?® Likewise, before the imple-
mentation of B19 NAT screening, levels of B19 DNA in
manufacturing pools were reported to range widely*4
reaching as high as 10° geq per mL. These variations can,

- possibly, giverise to fluctuations in the tevels of B19 DNAIn

final products—such as those observed in this study. None-
theless, the consistent statistical differences in prevalence
and level of B19 (Table 1} led us to conclude that individual
manufacturing steps may have a significant effect in clear-

. ing, that is, inactivating and/or removing, B19.

The. introduction of B19 NAT screening of source
plasma after 1999 afforded us an opportunity 1o evalnate
the effect of the viral load in the starting plasma on both
the prevalence and the level of B19 DNA in the final
product. In AHF lots made in 1993 to 1998 (when B19 NAT
screening was not yet implemented), a total of 40 percent
of the 136 lots tested, or 54 percent of the B19 DNA-
positive lots, contained 1¢° geq per mi. In contrast, in
AHF lots made in 2001 ta 2004, B19 NAT screening of
plasma effectively lowered B19 DNA levels int all five prod-
ucts derived from source plasma so that, of the 129 lots
tested, none had a level of 10%°geq per mL, and in
81 percent of the lots tested B19 DNA was undetectable.
Obviously B19 NAT screening had not yet been imple-
mented during this period for the recovered plasma des-
tined for Product C, since the results were similar 1o those
obtained from unscreened plasma in the earlier period.
That is, 47 percent of the 19 lots tested, or 53 percent of
the 17 positive lots, contained 10° geq per mL of B19 DNA.

Detection of B19 DNA in the product does not neces-
sarily equate with infectivity. The actual infectious level of
B18in products is likely to depend on the level of anti-B19

B19 DNA IN AHF -

IgG that is copresent in the productf in addition to the
recipient's immune status. Anti-B1% IgG have been con-
sidered to e neutralizing antibodies and appear to confer
lasting protection.! Although low viremic levels were
found in donors who seroconverted to anti-B19 IgG,%

seropositive sera have been shown by an in vitro infectiv-

ity assay system to contain neutralizing -antibedies to
B19.% Other studies®® involving the infusion of B19 DNA-
positive blood products with B19 DNA up to 2 x 10° geq -
per ml also demonstrated that when anti-B19 IgG was |
present ejther in the recipients or in the products, there
was no B19 ipfection. In a recent pubiication® it was
reported that two seropositive unmunocompetent recipj- |
ents with anti-B19 IgG levels of 19 and 39 IU per mL were
not infected with B19 after receiving pooled plasma, S/D-
treated containing high-titer B19 DNA (1.6 x 10° IU/mL)
and anti-B19 IgG (72 TU/mL), whereas the seronegative

recipients were infected. These studies have strongly sug- -

gested the protective role of anti-B19 IgG. -

In our study, none of the products tested, with the
exception of the intermediate-purity Product E and one
lot of Product B, had detectable .anti-B19 IgG. In view of
the fact that at least 50 percent of adults have circulating .
anti-B19 TgG,*** B19 antibodies will invariably be present
in any large plasma pool. Interestingly, most manufactur-
ing procedures for AHF must be effective in separating
FVIII from IgG. A product containing B19 DNA but devoid
of anti-B19 IgG would potentially be infectious in sero-
negative recipients.

The minimal infectious dose (in terms of B19 DNA} in
seronegative individuals is unknown. In a recent case
report, we found that infection occurred when a sero-
negative, immunocompetent patient with mild hemo--
philia received an S/D-treated, high-purity AHF product,
which contained 10°geq per mL of B19 DNA and was
devoid of any detectable anti-B19 IgG; the total dose
infused was 2 x 10 geq.’”® This is the lowest infectious dose
(in terms of B19 DNA) that has been reported for a product
containing no anti-B19 IgG. In a separate transmission
case, a seronegative child was also infected by infusing
a dry-heat-treated FVIII concenirate, which contained
4 % 10 geq per mL B19 DNA, but the total dose in terms of
B19 DNA was 4 x 10f geq, and the product’s anti-B13 IgG
content, if any, was unknown.! For pooled plasma, §/D-
treated, which was anti-B19 IgG-positive, a higher dose of
B19 DNA was needed to produce infection. Only those
seronegative volunteers infused with a 200-ml. dose of
product lots containing more than 107 geq per mL B19
DNA were infected, whereas those infused with an equal
volume of lots containing less than 10 geg per mL did not
seroconvert.''%! [t remains to be determined whether
AHF products containing low residual levels of B19 still
may transmit the infection to susceptible individuals
{presumably seronegative persons), especially io ihose
high-risk individuals who are immune deficient.
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B19 virus isolates have recently been classified into

three genotypes with the majority of the isolates grouped
as Genotype 1.3 Like Genotype 1, Genotype 2 DNA was

detected in FVIII concentrates as a contaminant but with

lessér prevalenice {2.5%); interestingly all Genotype2-
posmve lots were also Genotype 1-positive.* The infectiv-

ity of a B19 Genotype 2 virus was-recently found to be.
similas to that of Genotype 1 in an in vitr assay*® Geno-
type 3 has not been reported in FVII concentrates. The

lack of such a report, howevér, may be due to the fact that
some B19 NAT procedures detect only Genotype 1 but not
variant Genotype 2 or 3.5 The NAT procedure used in this
study detects both Genotype 1 and Genotype 2 but does
not detect’ Genotype 3.

In conclusion, we have demonstrated that the preva-
lence and levéls of B19 in FVII concentrdtes made from
plasma that was not screened for B19 DNA were high but
varied among products with diﬁ'erent 'mam_.lfactufing
procedures. Minipool NAT screening for B19 DNA effec-
tively lowers the prevalence and level of B19 in AHE The
majority of the lots of AHF now being manufactured have
no detectable B19 DNA, and thus the risk of B19 transmis-
sion may be greatty reduced.
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‘We have previcusly reported on a system for large-scale molecular virus screening of clinical samples. As
part of an effort to systematically search for unrecognized human pathogens, the technology was applied for
virus screening of human respiratory tract samples. This resulted in the identification of a previously unknown
polyomavirus provisionally named KI polyomavirus. The virus is phylogeneticaliy refated to other primate
polyomaviruses in the early region of the genome but has very little homoelogy {<30% amino acid identity) to
known polyomariruses in the late region. The virus was found by PCR in é (1%) of 637 nasopharyngeal
aspirates and in 1 (0.5%) of 192 fecal samples but was not detected in sets of urine and blood samples. Since
polyomaviruses have oncogénic potential and may produce severe disease in immunosuppressed individoals,
continued searching for the virus in different medical contexts is important. This finding further illustrates
how unbiased screening of respiratory tract samples can be used for the discovery of diverse virus types.

Persistent virus infections are an integrated part of human
life. Most humans are persistently infected with one or more
herpesvirises, papillomaviruses, polyomaviruses, and anellovi-
ruses and remain healthy. Nevertheless, many of these viruses
may occasionally produce severe disease (21, 32, 34, 37). Iden-
tification of previously unrecognized viral species is technically
diflicull. Thus, many potentially medically important persisting
human viruses most likely remain undetected.

Polyomaviruses are small DNA viruses capable of persistent
infection and having oncogenic potential. They have been
found in many mammals and birds worldwide. Two polyoma-
viruses are known to normally infect humans, JC virus (JCV)
and BK virus (BKV), both discovered in 1971 (13, 30). They
are genetically closely related to each other, and both viruses
show 70 to 80% scroprevalence in adults (23). The routes of
acquisition and sites of primary infection are largely unknown,
but both viruses can establish a latent infection in the kidneys
and, in the case of JCV, also in the central nervous system (31).
Persistent replication in the kidneys is evidenced by the fact
that JCV, and occasionally also BKV, can be detected in the
vrine of healthy adults (23). BKV has also been detected in the

feces of children (35). JCV and BKV are highly oncogenic in

experimental animals, but a role in the development of human
tumors has not been established (25). Disease caused by hu-
man polyomaviruses has been observed in immunosuppressed
individoals. JCV is the cavsative agent of progressive multifo-
cal leukoencephalopathy, a demyelinating disease of the brain
and a feared complication of AIDS (21). This disorder has
recently received renewed attention after the occurrence of
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fatal cases among patients treated with natalizumab for mul-
tiple sclerosis (22, 24). BKV has been associated with post-
transplantation nephropathy and hemorrhagic cystitis in hema-
topoietic stem cell transplant (HSCT) recipients (7, 17). In
addition to JCV and BKV, there are reports on the presence of
the primate polyomavirus simian virus 40 {(§V40) in humans,
possibly introduced by contaminated poliovirus vaccine pro-
duced in monkey cells (4), although other ways of transmission
have also been suggested (10, 27). SV40 genomic sequences
have been detected in human malignant mesothelioma tumeors,
but its role in human tumor development remains debated
(25). :

We have developed a system for large-scale molecular
sereening of human diagnostic samples for unknown viruses
{2). With this technology, we have initiated a systematic search
for previously unrecognized viruses infecting humans in order
1o identify agents that are potentially involved in human dis-
ease. We describe here the identification and molecular char-
acterization of a hitherto unknown human polyomavirus,
which is only distantly related to the other known primate
polyemaviruses. In analogy with the nomenclature of the other
human polyomaviruses, we propose the name KI polyomavi-
rus, KIPyV, for the newly discovered virus.

MATERIALS AND METHODS

Moalecular virus screening. As part of a systematic search for unknown viruses
in clinical respiratory {ract samples, a screening library was constructed from

. cell-free supernatants of 20 randomly selected nasopharyngeal aspirates made
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anonymous and submitted to the Karolinska University Laboratory, Stockholm,
Sweden, for the diagnosis of respiratory tract infections, The samples were
collected from March to June of 2004 and stored al —80°C until analyzed. This
study was approved by the Karolinska Institutet local ethics committee. The

procedure used for identification of virus nucleic acid sequences, molecular virus *

screening, has been described previously (2). In brief, samples were pooled and
the pool was divided into (wo aliguots, which were filtered through 0.22- and
0.45-m-pore-size disc filters {Mitlex GV/HV; Millipore), tespectively. Both
aliquots were ultracentrifuged at 41,000 rpm in an SW4I rotor {(Beckman) for 90
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